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FOREWORD 


This manual contains hardware maintenance information for the Varian Data machines 
620/L-100 computer system. The manual is intended to be used in conjunction with the 
620-100 Reference Handbook (document number 98 A 9905 003) and the 620. Test 
Programs Manual (98 A 9952 060). The reference handbook contains information on 
overall system capabilities and a comprehensive description of the 620/L software. The 
test programs manual describes the various test programs that are available for testing 
and maintaining the 620/L-100 computer system. 


This manual is divided into chapters. Chapter | contains computer specifications and 
documentation. 


Installation information found in chapter II consists of system layout, — physical 
descriptions, interconnection information, and system interrupt priority data. 


Chapter III provides operations information including preliminary operating procedures 
and control panel operation information. 


Chapters 1V and V contain a functional description, and theory of operation and 
maintenance information for the central processing unit (CPU) and memory. 


Chapter VI describes the direct memory access and interrupt circuits, and consists of 
functional descriptions, interface data, theory of operation, and maintenanceé 


information. 


The theory of operation and maintenance information for the power supply are present in 
chapter VII. 


FOREWORD 


Chapter VIII contains a description of the signal mnemonics found in the 620/L-100 logic 
diagrams. ) 


Timing waveforms for various instructions and operations executed by the computer are 
in chapter IX. 


Chapter X describes the multiply/divide and extended addressing feature. 


Volume 2 of this manual is assembled at the time of computer shipment to reflect a 
particular system configuration. It consists of engineering documents such as assembly 
and installation drawings, logic diagraras, and wire lists. 


~ 


CONTENTS 


TABLE OF CONTENTS 


CHAPTER | 
INTRODUCTION 
SEGIION: DT : (SPECHICATIONS seccucute qaccteis Sih ata anieaer Mec abies Meta Get Altes wnetale 
SECTION. 2 Technical. Manual iczirics.scicccscccesssiaaveadednevatsccatauiesedeaaysuave vriacis vadesbitvggceatuGole vas 16 
CHAPTER Il 
INSTALLATION 
SECTION 1 System Layout and Planning............c cc ccccccccccsseeecceeeeseeeeeeesaneseeuseeseunenecees H-1 
Lad> . “Computer sCHaSsis si cass ewan ceceveettepeeteedideasdees us ereres aaa dontodel deanatbvadiuee cies iwialoneceteeeivens I-14 
1.2 Power and Environmental Requirements...............:cccccceeccccseeceeeeeeseeneeeeesaeeceennereeaes H-1 
Pes: “Space REGU EMCINIS sca esses adores ere ai cwasdvsy sa enews Nebsiacas el cada deiceesees Il-2 
SECTION: 2 “Physical .DESCrIDtOMN: ccvcccscccerceeesoccacaawcordiveeansda aioe were kins Il-3 
2.1 WEIR I ALIE vi ceta peck vonvennuves toetevavadncieseevareeeseaniatens etandtuaetuaaach taaeseces vanes ascisen sieht ean IH-3 
2.2 EXD ANiSION: CHASSIS gece soar suns ocura case ees sus ha cohena eae saan aseos SS uiewd a teen H-7 
OS. iROWER SUDDIV. frcecrccs crs esc eravce ces carne cacaesle eR ore ase amended Ranaehae del H-11 
SECTION: 3°. System INTErCONMECTION wvcccesccsvncccinseetdecseecedevessseyeseees Wiad eas heaadcdaamowesnsbadens 1-13 
3.1 Memory Expansion Interconnection. .............ccccccccccccecssseceeeeeeeecessenceeeseeesesaneeeeaaeees 1-13 
3.2 1/0 Expansion Interconnection .............ccccccecsseecceneeeceeeeeeeeeaeeeeueeeeseneesaeeessaeesaeeaeeess 1-13 
3.3. Power Supply: Interconnection ss: csidiecs Kcccceccetessaci cascev abe chases cag deer eetaacee teeta H-13 
34 ~ Teletype: Interconnection vcs occosicoccessicieaspasigdSecceseaevavestenneesactledesncondsathvveaeds adbseeeatend 11-13 
3.5: . Cable: Pin: ASSigninients x.cc.cci ics ccnctetocne vevecarteavealipamesens teow dab inddereteaniureeedsve egiets 11-16 
SECTION 4 System Interrupt Priority 0.00.0... eccccceneeeeeseeteeneeecesceueeereseesesseasaeseeeaees 1-2] 
4.1 GONICM a ccs teedactect oun eet. Sot aete Rove eatin Mitueastearenteeeeons sche Seteaietaasuducaten teanieenmeant H-2] 
4.2 PPPUSR COMIN CCUG acc ose sss ese coaches ceca aia den va na caeveumyh nes oa baa eee ura aesenaae saves H-21 


CONTENTS 


CHAPTER Ill 


OPERATION 
SECTION 1 Control Panel Operations... ccccceecccccceeeeceeeeeeeeceeseeeececesseseaueaeeeeesueees W-1 
Belo AGCRGI AN iriiieitSecitecshtnscen needs aoiciniiendt aca ca unenuatan tapi tonbanarscee unease enied Wt-1 
1.2 Power Switch..........ccceee side Weald diastase eu raciinaetueanatet naked eauaatoce ee ieniattadeue adsense I-21 
1.3 STEP Switch and Indicator..........0 d saludos hau Bisvehdcstetasece sss b itera tease Naadd HI-1 
PA RUIN -SWitehh ands (NGICATON sa cececctiassartaroctacwncavvcsnsssepnsstanaterensnde cececetgadaan a isl Meese H-1 
ES: «REGISTER “SWITCHES ciciavesaciawsastctaceetiedtinecsdeniaumsusaeiatteasaisn UaraeeuaeadeaceuaahGouvond se ueccnnadine II-3 
LG “BUTRESET SWitelissstescecsssctvsaceiscosiad ahsazacnsccanseiteacsessea dans cometeastadaan cane ovasence teaacedaes Il-3 
1.7 Register Entry Switches and Display Indicators .............ccccceeseeseeeeeeeeeeeeeseee suena Ill-3 
TeS> REREAD SWIC s siccnsesianitasnadvacenseaieetedtan casey cats heveus seswneubmeatinabe Moab tena eand cuaeaeahaseuee H-4 
19 SENSE Switches...............08. ean CU daa ba aus iio aaa Pasian Satin daa waa taba aoatacda rCud suai teayereee I-4 
LTO: > SYSTEM -RESEN: SWIMGW ssccccencecdiatee te canetesiniteas jen eeizaacaraaasels aunt tadserheaneteaeautous H-4 
PA. * OVE IGICAtOR ieee acti victiaed asso eels eee Ags laeukede [11-4 
SECTION: 2. (Mantial Operations icereces ois ectasyexercesceceeeseeaaedsdntectodisteed Getasheiuntdee eee H-5 
Poke “ABBOVEL AU ts ccsiriss see ceh era discus ce Miaawoaeocaaeboe tea ack oases see cah Sek Vaca ae eevee en enteau aaa IN-5 
22 ‘Loading Words Into: Memory iiciicsscianissiisedicaccesuscaconaustanentsoasdsecavetasadssueinadecetenes H-5 
2.3 Displaying Contents of a Memory Cell... cessssseceereceseneeseeceeneeuaeeenereeeesees 1-5 
2.4 Manual Program Execution ........ccccccccccccsscssessscssccsecsecssccsscsaesesecseseseseecsaesseseaeaeengs [1-6 
2:5.* VIWStROCHOS REDGAL sivas creesiyastadsistoinccancecansdancsueeateian a teapeabtersasvebeus Neasteos Serr 11-6 
2.6 Loading Words Into Sequential Memory Cells .............:cccccsesesseeseseeeseetseens eens 11-6 
2.7 Displaying the Contents of Sequential Memory Cells ...........ccccccccesseeceeeeeeee neers 111-6 
SECTION 3 Preliminary Operating Frrocedures........ Se sae eae cues oars doesn ual Oeaee nana eeetae HN1-7 
SEM. “QOL AM deca tec cdesal cisan se cial ened Goa cs ida Miacsanaaeas vexeaaaecis evan ea ae eee H1-7 
S22 sPOWSr ON ROUTING 3 aan erie ied oars ree eee eee eee eaae H-7 
3.3. ~ Bootstrap: Loader: ROUtine sciccccsasesivcncceecigin cde tiancias acsanieiaeesaneSa etuevateeunanndeceaes IN-7 
34- ‘Binary Load/ Dump (BUD: Ula invenereccized eisand Mia vensspccits ecb avarctneedetaumasantecesaeneas It1-9 


vi 


CONTENTS 


CHAPTER IV 
CENTRAL PROCESSING UNIT 
SECTION:.1. (Functional: ‘DESCrDTION 4.iicscesshenisc ev heccdelan ee reir Pe icadwd Weert AV-1 
Be MOINS Tea segs cas eg coe aad Ses dels i Sordi pea arciihe ac alea ea PGA tle eth shes coven an, AV-1 
1.2 WOSIRIY: (FCB URES err andetencoriazuac te teadtelbbnctaaz nia saede acdsdonacct dreaialeGava eat aeeuatetedes sedesedicest AV-] 
13 FUNCTION At (ELGMICIUS tccerec fai ihre ever acrcsra deca sctaasencuea nunvacl ave teesaathonlakitenakigdevons ended IV.2 
1.4 Programmed t/O Operates sasassssavacsteigeee davis doses sigs neiaiwadevemadawelaed lia) wmeddesoee IV-4 
SECTION 2° “THEORY (OF “OPERATION ose isivuclcatnentvewsiversieiiaccaae teres oseriiad IV-30 
2.1 GENCE Al eda cnsacecsaaetntsaas to Vacca vten ean cumee sahun faa celudtant inlet asa vest aimee tell saat Gites tite dtinrnad IV-30 
2.2 Timing and Control..............0. tse a al tieadctihath Veaien wiyadactian caves saad deenaste mace de amanaauconteats 1V-30 
2.3 PICCOGIINE LO BIC sia sit nie acctesiets dae os cana caearea miaes eves audience ond bist Nach ovede Relealsasysaudugsiadaneede IV-36 
24 - Arithinetic-and VOpic- Secon ixciwcsi es scceseaduenies. ceeneter aaah er onsd bi oiesass tte IV-39 
ZO A ROBISTORS lec sepace ties pe cerscteu train atterensapnecatietesaatinn ies Maabtes ts teceth nian dou aera omuk aia IV-40 
2.6 Memory Interface............ccccecsccceeseeeees sd dist aceite dc tee ee Secsai daha eee auchate tatiuntsntiee Cereals IV-46 
2.7. _—~* Typical Operating Sequences ....... haunted bankai ss ubuigatta eins iat putoae saline tatiun cates Maen eee: IV-47 
2.8 Automatic Memory Enable/Disable Circuit... eeeesseeeeeeeeeeeeeeeeeee neneenes IV-52 
SECTION? Sv IVIARNT CINAIN GE asc is ia aes oa earn saa alt nk tea uetrgeat wn caylee cata waendeee IV-53 
3.1 RRSP GT Bibel siccdiyy ax'vad cacsresons Se stove Sana eure sts nen Danesh va Sa meine evict waa we Sata ee aed ee ateaed ou eietanaiss IV-53 
32 Vest EQUipmenl a dcdicmacauttusian ringer tine wir nates MIR ions IV-53 
BS. TOSU PORT AIS oss eos ets aye eens owned sel ante luke UR atatines 1V-54 
3.4 Troubleshooting Using Control Panel.............ccccccccssseseeeececeereeeineeeeeenneen seeeenas IV-55 
3.5: - Circuit Card. TrOUDIOSHOOUINE weiss. ivnccesdcsccaceuiise iced Geasavsadedesing Maaavsiacceiaiecreeaseae IV-57 
3.6 General Troubleshooting Techniques.............cccccccccsecsssseeeeecceeseeeesaeseeeteneseee ereeeaea \V-57 
3.7. General Troubleshooting Procedures .................eeee icgeelaanaun tg Rote ncenntsctaeeteits IV-59 


vil 


CONTENTS 


CHAPTER V 
MEMORY 
SECTION 2 FUNCTIONAL DESCRIPTION: icc rcs aue uavieeaetieamsrieeeenanuaice Gore es V-1 
1.1 MC TRCN age oe ets eae arses aah mage wal pains e manatee te ata ee dc rash Oat coatnce ie V-1 
1.2 BM CG arts cere ta trates ena ride cms ReS i ine dod ede unee Ren Act Lae hha enh tualdnceh aes V-1 
1.3 FIAT: CCC cn saguprcasa ivan cmicivarectcvin auton none SA Tatrharpia nahh Sie ten brig oacee te ha sce naaian oaiaties V-2 
1.4 Magnetic Core: OperatiOiiicccccscisiecssscnvansdeu si sddcteteaosxtund Yeadedagasa einen te wormantessenees V-2 
1.5 WIGIIOUY CUE CANIS ascites ceance ait cmemrede yall citt Goal es hain autsinahae ane eebteaaci dads uoioew os V-2 
16°, \IMGMOFY <SlaCk “Cards 0.6 iscerielorcstrstces tune dcennebssses sted tationdel sensei lalya ue chy ancient wee eweace' es V-4 
1.7 DIEIVER/ SINK SWITCH COU ire 5 oc ea aancrtes cee ereudvaaniad der onebideneliotikas os ay nie ete eet naa V-7 
Le  Séhise/(nhibit Cardiac xs eeu piatieulntolne Siesintiaceetectsaeen hors ddtsacaastatihanneaets V-8 
LO. | Memory Timing: Control Card sic icacruriees dhe iiarcdeti dco Gimcasnneenaaluaeednaredideanautse V-9 
LEO: “MeRmiory Baten Care iidord messatachlesdeseedscecactowacssvwriecdahonecodeuse vas iesntatemnene amore! V-9 
1.11 Memory Interface Operation .......0... cece ccc cece cccceseeeeeecne seca eeeaseeesiteesenaes Peles V-11 
2 Wrap Abound “AGGEESS ING asec ct.cciccnccedadies eens stew eee lecaeieses ase ebinaek eae Rhee V-11 
Bolo: (edaGer Protec On ssiceso cieeseric ccs maces easccce teaver eee feaaty ses eee een re eee ees V-14 
SECTION: 2 THEORY OF OPERATION fc. vistas eaneStaediakentewttestapid eaerengiaeeyeees V-16 
2.1 MTV NA ois sre casos Ae ose vdeo ge ere ce cards dea sls oc a deme ean eazaeraaces anna V-16 
oes .  AMNB CONT Ol CIRCUS 5 cece Bo hae aaa satrastetautesordaticdtacbang cake Matoncudg enaadtaadueense V-16 
2.3 DIVENr7 SINK. SWiK. THING ic sists easissccahaPisapacssaisintrareriaantanoareee cadet areeeraens V-19 
2.4 Address Multiplexers and Decoders ..............ccccccccccceeeeeceeeeeseeeeeeeeteaeeseeaeeeeeeeeeay V-21 
2:9 ORVer/ SINK SWHCHES 2: iciamads nostecae tosses tices eae atsehert sass Aa Dire ne V-27 
250... HOUNRFENE SOUFCE“CIUCUINS oss circ shes re aie thera hears aretha teak honda tai, V-30 
Zak SOCWSETINRIONG EERIE: oe ie cortiale hoc ules eee, ay ee Avanos lege Ou caatlpged aaa weve oate V-31 
2.8  Sense/Inhibit Data. Loop Operation. ............cc.cccccccccccecessseecetesesncnsescoueneesesioneeeenes V-32 
SECTION (a5 SIVIATINTEINAING Ex sees diac tole usclethacditccledvcvnndauyiagaer sche cisn ey eoeneras acces eae Na Raaes V-34 
3.1 General........... pasts Sa pasts Wert ice tafe ap sles Seis s cea ea deat eR edo anda eau EM Pom tana te eae V-34 
32 Preventive WWiaIhlenaniCe iit accesicchcreretieen Mud eden saute iaegh i heneaassa iene exas V-34 
33 Corrective: MaInienanGe oie. indus tea cica nintendo, tate tena nasesnfeniauveday V-35 


Vilt 


CONTEN: & 


CHAPTER Vi 
DIRECT MEMORY ACCESS AND INTERRUPT 


SECTION 1 FUNCTIONAL DESCRIPTION... 0 0000 ; ue Viol 
1.1 GON eral 2st ci ncscna kt cau nrintaanad BA ste R SRS Ate eaten ch Be he se, 2 ; Viel 
1.2 TRADS ee cuentas ies th OO ikl li canal Goan a inliad 2 eee) ee op a WER 
1.3 Lah (1 dal] 9 | Cour enasn Re eR terse ert men ie Ane nana ee et te ee ee eee ile stevie “gab eamecists. Manel 
14 Data Output Gating.......00000000.... err ore Peete re Sanat Vi4 
1.5 Uninterruptable:: Sequences sce. tccencievaciiee stove caemadeih. & Mage eee seedeeeen Vi? 
SECTION 2 “INTERFACE. DATA 8 cicaeerenat reine oni ceca a one Ee reer eee VI-10 
2.1 E71 a1) gr | eee eee he Eien Pea ne AOR OD ET TRON Oe Bae ets TED ae e eae ee Tee ees echo ti as ase VI-10 
2.2 BAO) CE VAC G cscs al casa arse tea aan tes tanta nae senda redieg Uda .. .VE10 
2.3 ‘Trap-Out-and Trap-In Sequences is cciicieccco i cgecciecadties teversn Vid ee ies esandanecaiiee Vi-ld 
2.4 INLErrupt SEQUENCES oie erercsastoeedus etokoonsaeteee soda bifens ainda cea ai ate eS VI-14 
2:0. CPW interface: Sigmals:2cxj.4 ai Dene escecerscearncsectal natin Aisraed hese dant exttediee euedans VI-14 
SECTION 2. THIEORY “OF OPERATION vic ecareeth Gh ee ole contenant Sid oe ce tess Vt 18 
3.1 OTs) gi] @: | Rene eee eee OS Ae Oe ner OO Eee CORE ae E ne eee eee rere VI 18 
3.2 Interrupts Trap: DelechiOn nai. nantes vowenctienieeul owiehe eimai: VI 18 
Sd “WALERFUDI/ Trap SCQUENCEK ie 2) et e62 cc cine aete sais Geese aor inea eben ed VI 18 
3.4 Data: OUTOUlGatin i wiei.e girs et No ies ac aot celeaaih erase dieu steneaitiek taut: Vl 26 
3.5 PVLIVOIN OIG S co 2ccearireSonesaeetiia de cuaciecudcude ears tahe Goin base elanseg aera Rtae aake aera ac eae VI 26 
SECTION: <4: -IMAINTENANCE dx. censseeletes creo ts aca anied antrn oeanve be ewosataery aeeoreuadetias Vi 31 
4.1 ICING As see cece netsh Set ath aces oa caer s iets octal neem Rearend adee nent bedasteaeieaeel egetodie: VI-31 
Me “NPA OML  TOSU ye scc2h cst ct ces cloaedise tune dehawss vena ananebaenonaceemenas arene Bee ean VI-31 
AS ~ VAD POSE coheed celery se5t dereat leads esas eee CAE Ree OT REE tS V1-32 
4.4 PTSRPUIDE, POSE cs isc sk bracts et ih od cece ge Saag ee heaved tee vane Ap hao VI 34 


CONTENTS 


CHAPTER VII 
POWER SUPPLY 


SECTION 1 THEORY OF OPERATION.........00..0.... cases eae eae eels Vil-1 
Med SOPOT AN arc seeau econ ootege es vane es amen rn pack eect cs eos pues pie aalgaesswatnseca Gian Vitel 
EZ SPCC CARON S acer fee eare wren ds crecs Attendee AGA en tangas oa Pog ta santana again uaatabalaunusamungenaine Vitel 
1.3. Major Assemblies.................005. Peayinastoashguartee Sea atint ck eos aeapahcs Atma toasts iia VII-3 
PIGS MUDUL Cin CU acess toe e ec tet te As teed a at aunt a ideloe waa ema aanavndaaaececeseaee nek ck VII-4 
1.5 Rectifier and Filter Circuits ...... sah ae ides Aas Nae Noche ene an aree eae eon oO ee Vil-7 
1.6 Regulator Circuits .......00.000.. thie seapcrsee oh teen tet uct ea lesa tan velit ewer ate Vil-7 
SECTION 2: vIVALINTEIIRINGE orbs cess ig etal teovaectecasea augur y tasty Cadadauna ti pcneeueseetea tenes Vil-14 
2.1 Preventive: Maintenance sec ceaiie siosse aon cssdurvenisesersberiaaaaeis eesvbanevencdeumesdeastbaonsiews Vil-14 
2.2 Corrective Maintenance............. PSUR dda iide vp deere stews ica esti seoriced dared th tissues Coe Sante ebbeoe Vil-15 


CHAPTER VIII 
IANEMONICS 


GHAPTER IX 


WAVEFORMS 
CHAPTER X 
MULTIPLY/DIVIDE AND EXTENDED ADDRESSING 

SECTION 1 INTRODUCTION Ha 44006 5cdsebe bey eweaud eyes ee teres X~] 
1.1 Functional DESeripti Oni. ais. ow 4 xurwacarw a rissa sie Geassield ela a@ aurpa nate aie ah x X=] 
1.2 SPECIEICONONS y scala sired eae Oueee Coe Wao OER A eae wR Sales ae X-5 
SECTION: 2 “OPERA TIO Wik. ts awetat a tleng ted ec wns C4864 080Se eee nateae X-7 
2.1 LISELUCTIONS Sci ois Suse Nad eo a 8 bea ee eee baba Se ew ee X-7 
2.2  . Multiplication/Division Procedures ........ cc cece eee terete eeeees X-8 
2.3. Multiplication/Division Examples ........ ccs cece eee e ence eeaes X-10 
SECTION 3. THEGRY OF OPERATION (3 tcscsaiav es asn ned cisinsciesees X-11 
3.1 General ........... Gatateuelaaa ane See 3 Oty acdc arac et aia eee ath Ge aes X-11 
3.2 MUM OICOhIOn o8i:i.22,054s bans Sate eatin Gata Os See Sete wee oes X-11 


BS.) SDiViOhitac.dssdeeuwhsiceces ba dubia Saltcte ga deena setae X-14 
3.4 Extended Addréessiiig vc«ssi5scnsouws vias ead e Vee www ey ae tae eae X-17 
355 Mnemonics ........ccseeeceees hte geo teti ce a ciaada can ate eRe dereha a Wiles rien X-18 
SECTION 4 MAINTENANCE ........... 00 cece cee ee ce eee teen eee ees X-22 
4.1 CSENEIG 2 atia eos ee Rete ile Fe od Ghd Eat a ee Caner pies X-22 
A.2: Multiplication Problems: s0s0 50 crsens ta sooo s Sew Canes Sas X-22 
4.3 Divison Problems ane02o0eheeiuiiw San euch cebu bes teswesead-aes X-24. 
APPENDIX A 


620/L-100 NUMBER SYSTEM 


APPENDIX B 
POWERS OF TWO 


APPENDIX C 
OCTAL/DECIMAL INTEGER CONVERSIONS 


APPENDIX D 
OCTAL/DECIMAL FRACTION CONVERSIONS 


APPENDIX E 
ALPHABETIC INDEX OF 620/L-100 INSTRUCTIONS 


APPENDIX F 
TYPE INDEX OF 620/L-100 INSTRUCTIONS 


APPENDIX G 
620 RESERVED INSTRUCTIONS 


APPENDIX H 
STANDARD CHARACTER CODES 


xi 


CONTENTS 


W-1 
Il-2 
Il-3 
1-4 
H-5 
Il-6 
Il-7 
11-8 
1-9 


Hh-2 


IV-1 


IV-2 
IV-3 
IV-4 
IV-5 
IV-6 
1V-7 
IV-8 
IV-9 
IV-10 
IV-11 
IV-12 
IV-13 
IV-14 
IV-15 
1V-16 
IV-17 
IV-18 
IV-19 


LIST OF ILLUSTRATIONS 


Mainframe With Open Panel.................ccccccccecccecceceeeeseeneeeeeeeeteessessuteesueesaess W-3 
Mainirame Connector Panel oc vere iaiar seen AGains Gea ee sat acacs ten ea peed 11-4 
Mainframe Circuit Card’ Installation \siisciscuccess acess tesa sun saroud cance ances H-5 
Expansion Chassis: Connector Panel vs.:.ceccscisccsessiccssssswetessersvtcesevevanicasenense 11-8 
Power: SUpply TOP Pameliic.necihc itl he cuiatic cal S car elena tocar ciahug iva 1-12 
Power Supply ‘Bottom: Patel seccsssscceu casey easiavedsowraeteeaaueete ints dray eres Greed I-12 
_ Memory Expansion Interconnection ......0..... cc eecccctceeeteeeeneeeteae essen eeaneeeaes 1-14 
17: Expansion: TTTerCOnMe Chon auscc.: swaccaiaineacecmcveiangcdennn depteunedeoreaonee 1-15 
Typical System Interrupt Priority Connectors............ cece eeccceeeeeeeeeae eens I-22 
620/L-100 Computer Control Panel ............. ccc ceccscceseceeesseseseseeaeeneeeas Itl-2 
620/L-100 CPU Block Diagram.........0 ee Stade iinida dk Raa tacemaagsoiaetes IV-3 
Typical E Bus Line Configuration.............0.cccccccccccccccccseeecceeeeeeecseeaeeseueeseeenes IV-6 
Typical Control Signal From the CPU to the Controller ...................ccce IV-8 
Typical Control Signal tc the CPU From the Controller... 1V-10 
External Control “Timing uv el sactone tees la ale ib lea araid acetal icklan bate IV-12 
Typical Peripheral Controller Logic: EXC Instruction........... ce eeeeeeees IV-13 
SENSE RESPONSE TAR oirices 3 cinsspsarncecuessncat ys a atad oisiosenene hs hoaseiaonmrtehiees IV-14 
Typical Peripheral Controller Logic: SEN Instruction ..............cccccccce ees IV-15 
Data Transter UA VE vsccaticecvsavain osnsscsctctuendvedan oases eine emonnssba tonnes IV-18 
Typical Peripheral Controller Logic: Input Data Transfer...........0..0.0.. IV-19 
Data “raster OOr Timing ce cht oii esate IV-21 
Typical Peripheral Controller Logic: Output Data Transfer.................. IV-22 
Glock ana) Phase TUNING Mince eta ae cada teeenmeeaie IV-31 
Example‘of a Modified Clock Sequence ....... ec cetenettteeteeeeees IV 35 
Register Change Instruction Format .............:ccccceccccecesneeeeeeeeeeeeaeneeeesensaaees IV-45 
Sequence for Operand Access from Memory .............:cccccecccceeccseeeeenaeeeaes IV-48 
Sequence for Operand Storage in Memory.............cccccceceeeeeeseeeeeneeeeaeens 1V-50 
Sequence for Indirect Operand ACCESS.............ccccccccceeeeeeeeeteeeteeteeeeeeeeees IV-51 
General Troubleshooting Steps .......... cc ceccceeececceeeeeeeeeenereeees teteeneeeeaaeeaeerees IV-58 


xi 


V-1 
V-2 
V-3 
V-4 
V-5 
V-6 
V-7 
V-8 
V-9 
V-10 
V-11 
V-12 
V-13 
V-14 
V-15 
V-16 
V-17 
V-18 
V-19 
V-20 
V-21 


Vi-1 
VI-2 
“VI-3 
VI-4 
VI-5 
VI-6 
Vi-7 
VI-8 
VI-9 
VI-10 
Vi-11 
VI-12 


CONTENTS 


List of Iustrations (continued) 


Three-Core-by-Three-Core Matrix... 0. cocci ccc ceceeveeeeeeneeeeeuneesseeee vs V-3 
6207L-100 (Memory Block Diaprant 1 iciictsccswerrawccise beige eee Glad acta tess V-5 
Hs GOP ONIN Ai Biss aces cater alba ocr ag eek ale Daw gift sin ARIS hts ah te acta eed V-6 
Memory “COMPON INC Sicectieiilata Mieraeaeh aay Aeeblenatiantane jase inca ease atonal: V-6 
Sénsé/lnhibit) Data: Loopetor Bi 1S sino cassahdvseasesnich seertenaaiatetedenrmeyet V-8 
Nominal Timing Control Waveforms .............06::0ce ceccesetseeeeeeeeees agg V-10 
Full-Cycle Interface Waveforms ...............cccccscccscesecceeceeueesecesesseussensetseaeeaess V-12 
Half-Cycle Interface Waveforms .0.........ccccccccccccceeceeeccuccbaveceveereceurecaceneaees V-13 
Delay Livers MMS sexe eo seettalcaty bca tease iat satan hey eo ed a soctediea ielolathaacarette V-17 
Half-Cycle Timing Waveforms.............ccccccccccssccesesecasecssccessvecseeceueeereserenenss V-18 
Read/Write Wavetorms............ccccccccccccsssesccecaeseneccecseesccaeeccsceuuencessaneeseeenses V-18 
Read Multiplexing for Octal 45 oo... cecccseeccesececevenee sesuneseseeveness V-22 
Write Multplexing for Octal 45.0.0... ci cccccceeeseecea seen eesaeecuees Scat V-23 
Decoder Logic Diagram and Pin ASSIgNMENKS..............:cccccccsscsseeesceusenees V-24 
Read Decoding of Octal Address 2345.00.00... pete drcaeeaaaus V-25 
Write Decoding of Octal Address 2345 .........cceccccceeeecesneceeseneeeevaes V-26 
Sense/Inhibit Timing Waveforms...............cccccccccccceeececeseeeeeeseaneeesssaseeeen eee: V-31 
Test Point Waveforms on Timing and Control Card........000.000.c V-36 
Memory Timing Control Card Waveforms.........0..cc:cccccccseeecceeeteesseseeeeeen ees V-37 
Sense/Inhibit Card Waveforms. ..............cccccccccseeecnecesceeecu seen eceeessaseeseceeens V-38 
Driver Sink Switch Card Waveform ...........ccccccccccccccsecceeeseeeseeeaesesseeeeseuees V-39 
DMA" Functional (BIOck Dia plat. cicnsscecAashas ot naeoiiaiealnaadsian sean ueeaestees VI-2 
Trap-Out Timing SEQUENCE........... cc ccccccccssseeeeeseeeneeeescseeeeeaeseseesneseeessies ese VES 
Trap- lh Tain: SCQUCN CE sii c cokes deeidecrsBaceuteaated Auoudeaqeiaeh Beaeer _naeidaat VI-5 
Interrupt: Timinie Sequence sc. sci oissccceevscascuceusvendea cana cindatedoceue sasagentes eevee V1-6 
TAD FOUL Datar iP aU ckcsccneeies ice seutasth ties iba ESO ER VI-7 
LbapeOUt. WAN eel osftsaridsardeasducreinceutiietiee eee naoaonaanee ne VI-12 
Tae PIMA Reeth ecto teke ont aati Suction tite Antenne ale al ear aes AY eating VI-13 
PATER CUDE TUMUN Ss aieescetctoicecteansratarnense towed veddc atoeein taunting dion vi te VI-15 
Interript: -PlOW Dia BAM a5. saeest oe coke sexvnrpeacdaceesmeciestncse Moma dunctadda teoedeateen VI-19 
Interrupt Timing Diagramiisicenicsceexccenras seinen Meera VI-20 
TAD“ FIOW DIA Baie csieci eels net exonnreriectiine an vaeweW enctiwnennnden neh nigveimeeatueitey V1-22 


Tap. Titus Dia SCAM acc sercemtortacsancdwelisiee steel eet catu anit eaeo area tidarcndoes iu VI-23 


xiii 


CONTENTS 


Vil-1 
Vil-2 
VII-3 
Vit-4 
VII-5 
VII-6 
VIil-7 
ViI-8 


IX-1 
1X-2 
IX-3 
1X-4 
IX-5 
1X-6 
IX-7 
IX-8 
IX-9 
1X-10 
IX-11 
IX-12 
IX-13 
IX-14 
1X-15 
1X-16 
IX-17 
IX-18 
IX-19 
1X-20 
IX-21 
IX-22 


List of IMustrations (continued) 


Power Supply Major ASSEMDIIES..............c ccc cece ese eeeseseneesenseetnieeneenaes ViI-5 
Simplified Input Circuit Schematic ..............cccccceccccccececeeesessseeaeeseeeseea eens VII-6 
Rectifier and. Filter: Circuits ccccccccciscsicasseseeaveveovecdineesesevs caersievbartaandaasvens cack VII-8 
+12-Volt Regulator Schematic .......0...ccccccccccccscecesessesesesseseeseesesceresens Vil-10 
IC Voltage Regulator Block Diagram ..........cccccccececcceeesccessesessetsesseeenens Vil-11 
Overcurrent Characteristics for the +12-Volt Regulator.............0.0.... VII-12 
Overcurrent Characteristics for the -5-Volt Regulator......cccccseeeen Vil-13 
+5-Volt Overvoltage Protection Circuit... ccceccccccseeeseeceeeeeeeee rene aes Vil-13 
Start SeQuence: HMMS sche tial te Adie ssccvanasenr enews icuas ovelss awles ie tendeastel assess [X-4 
SLED: SCQUENCE- TAMAS occ rrcs us orecd Naan cshcepe Heat asec whiaawde enn eepmneariaazdaaniaees 1X-5 
Manual Halt Sequence Timing ............cccccccccccccccssseseeceesseeeeeeeseeeeeeeeeseeaaaees IX-7 
Program Halt Sequence: Timing .........ccccccccsccescesessssescessceecerevectseveseeseeenens IX-8 
Operand Addressing (Direct) Timing ...........cccccccsesecccccssseseeccseceeaueneeseeeueeees 1X-9 
Index and Relative Adcressing TiIMIng.............ccccsscccccceseesneeeeeeeeenseaee nae 1X-10 
Indirect Addressing: TIMING iiss:sasisties ac tetitieswaesdapcent eis heres IX-11 
Indirect Addressing, Double-Word Instruction Timing.............: ccc IX-12 
NO Operation. Minnie .cscis is cuseosavewocueraokecqu sienna et vnieiaad hind naan aed does IX-13 
Register Change (Transfer) Timing...........cccccccccccsececccecseseseesceeseenseeeerenaees 1X-14 
Register Change (Increment) Timing...........ccccccccsccccccecsesseesereeeeeseaeeeenees 1X-15 
Register Change (Complement) Timing .............::cccccccecsssssseeceeeeeaueeeeeeseees 1X-16 
Register Change (Decrement) Timing............:cccccccsccccssseeeeesseseeseeseeeeeee sees IX-17 
Set/Reset Overflow Timing ..........cccccccccccseccccsssessccssessssesssesesescssecssesee aes IX-18 
Shift Single Register TiMing......... cc ccceeccccccceeeeeeeuseeesesuaeeeeeeaeneseeee anes IX-19 
Shift Double Register Timing ..............cccccccccccsssssseeccceeseeeseeceseesseeeeeeee ees 1X-20 
Load A (B, X) Register Timing ..............ccccccccseeccceesseeeceseeeceeseaeeceeeseanene ees IX-21 
Store Ax(B. X) Register Timings sccsssscsdccccsecisbateniastecavssAareal eaaieaciede sd IX-22 
Increment and Replace Timing..............ccccccccccecccccssseceeeeeesaeeeseceeeeeeeann snes IX-23 
AdG: 10“A REBISteR Titi Re ccte oe resccdevivas cocccataxvvanusncatoousebemireecesdaasenanens IX-24 
Subtract From A Register Timing............0ccccccccccecccccecesseeeneeeeeeeeeseeeeseee aes IX-25 
Inclusive-OR to A Register Timing..........:ccccccccccccseseseceeeesaseeeeeeeeseeenee aes 1X-26 


KIV 


CONTENTS 


List of Illustrations (continued, 


Exclusive-OR to A Register Timing... ce ee cece setts eeeee ees 1X-27 
AND to A Register TIMINg ....... cc cccceceeeeeeee tees ceeeeeeeeeraneneees ee IX-28 
Jump, Jump-and-Mark or Execute Condition Not Met Timing........... IX-29 
Jump Condition Met Timing .......0.. ee Hiei tits Bele SES canes 1X-30 
Jump-and-Mark Condition Met Timing .........000 cece eens Caachi IX-31 
Execute: Instruction Timing acsiniacuimaeeu aves ead IX-33 
Immediate Instruction TIMING ........ cece teee cee teeceeeaeeeeenaeeeeeeieneneees 1X-34 
EXCEH ial: COMURGl + BITING secede costae ccs chats ares in venti eau treat ati caus apcadnnnateat beaten IX-35 
Sense (With Response) Timing ...........0... Boss ag ge Jagheteae beans tacts [X-36 
Sense (No Response) Timing ...........cccccecceeeeeecceeseeeeeceeeeeeeeaeeereeaeeeeteaneseees IX-38 
Input to (A, B) Register TiIMiIng...........c ee ceeceeneeeeeeeeeeeeseeeeeeenaeeeen ens 1X-40 
Input to: Memory TMi 8 sis censecteseesaivenaeweratiteleine awcdaroldy ih naeeewn desea IX-42 
Output from A, B Register Timing ........ ee ceeeeeettteeeeseeenaaneeeseneees IX-44 
Output from Memory TIMING: scciccicsccsssevtieeccccelicesississtetaerenceccreeasseeyactiees 1X-45 
M/DFUNCHONS cundes ds e-2Giceink oreo Hewett shee ae Sass X-2 
Flow Chart for Division Correction. .....cccccce neces ceeeeces .X-4 
Word Format for Extended Addressing ......... Pe et eee X-5 
Flow Diagram of the Multiplication Instruction... ...........005 X-12 
Timing Diagram for Multiplication... ..... cc ces eeee eee eneee X-13 
Flow Diagram of the Division Instruction........... nel Svaee gis X-15 
Timing Diagram for Division. ...... ccc cece cere reece eee eee X-16 


XV 


CONTENTS 


LIST OF TABLES 


1-1 620/L-100 Computer Specifications 0.0... ceeeeeceseeeeetessttssaseeseeeeseeeuueanas |-1 
I-1 Mainframe Card Slot Assignments ...........ccccccccccececcceeseseeeeeeeesessuseeeeeeeseaenesss 1-6 
I1-2 Memory. Expansion Hardware .............ccccccccccccseteeesccneeceeceeeeeeeseseessssenceeeseeess [1-9 
11-3 Expansion Memory Card Slot Assignments .............ccccccccccecseserrestsereeeceees I-10 
11-4 ~ Memory Expansion Cable Pin Assignments ................::0:00 tid taaeatdeclatglts 11-16 
11-5 1/O Expansion Cable Pin Assignments..............000:cccccccssseeeeeeeeeseesaeeeeeseueees 11-18 
11-6 DC Power Cable Pin Assignments ...........c.cccccccccsseccsceceesseeeeeeeeseessseeeenannnes I-19 
11-7 33 ASR Teletype Cable Pin Assignments...............ccccccccceseeeeeeeeeseee seeeens I-20 
1-8 35 ASR and 35 KSR Teletype Cable Pin Assignments...............0..0.08 11-20 
IV-1 E Bus and 170 ‘Control Signals c2c:sciissatinsinais detawonateaaier anki tagedouseae. IV-24 
IV-2 Ee BS Sl INNS neces Sorbet age Nitta ht radacet Manele bat Suds one he aeS IV-26 
IV-3 Standard Device Address Codes .0..............ccecececeeeceeeeeeceeseteeeeeneeeeeaaeaeeteess IV-28 
IV-4 VUUIPIE. SBM Si cxaciases sith feted Getecatha dash seal igo tin tadaaae eovsdi mena dtsesaadds mapas RIcay aia: IV-32 
IV-5 Op COG: ClASSOS aio casas incca sd ssetorncens let Sanka Meuse ae Seat eet ycepagemea eohohaototan ae IV-36 
IV-6 OND COGS SOUS ys cen Been Sane eaenset ou Secdorrnal wsdensassaeadeqenaetenodactn en uecacensseonsedebis |V-37 
\V-7 8] 0 i 86) 0 ie B10) Uo | aaecnneine pr ee ae eR eno ee re eC IV-37 
IV-8 Mi Field’. DECOUIN ES 50) hee, echt e ccc ccs tes ase hese ated asks bas ane a, IV-38 
IV-9 Transfer. Control. Pumetion Cod 6S ices yscsa ses vee sceew ead dov ness Hadcdeatesdeniiceedoanl IV-45 
IV-10 Required. Test ‘Equipment.4 cee cect eg te ack ean bomen a eS IV-54 
IV-11 WAIINTADNE AP “TeSt Progr an S: accu reese sen, tones, care tyanaen Weapon aia IV-54 
V-1 Wrap-Around Addressing Connections ..............ccccccececeeeeceeeeeeeeneeteeeeenneeeees V-14 
V-2 Loader Protection Jumper Connections .............. ccc cecceeetceeeeeeeeeeeetee een eeeeaees V-15 
VI-1 DMA: signals: trom the CPi jis cee mesds ids xs ieee inarviaae beans any ceybaaapteetudevas VI-16 
VI-2 OMA -Sipnials:t0-ANe- CF Ue. cs sectiich oat ae wrostedlysnranehasetens Snax Geansaetetboseun eed V1-16 
VI-3 MINEO JEIST cc ipscstal casa Savasy cits Reveseanalrcr on coendnieeleensyandt adem y tauo neat VI-26 
VI-4 Pin Assignments and Logic Levels for I/O Lines... ee VI-32 
VI-5 Memory Address and Data for Grounded EBXX-1 Lines.......0000 i. VI-33 
VIN-1 Power Supply: SPeEcihiCAliOms: sa cieie lives cecdecennes ies Weeden Gime s eae nae evtnne! Vil-1 
VII-2 Mainframe Connector Fesistance Checks................ cece cceec eter erent eee VII-16 
VIN-3 Power Supply Resistance Checks .............c ccc eeceeneee eres ne nereeeeeenenetes VIl-17 
X-1 M7 DY SPECIE Cab Oliss. Gide tas ws wis eae eee ootvad dasealenan ne KS 
X-2 Multiply/Divide and Extended Addressing Instructions............ Xx-7 
X-3 Mnemonic Definitions. ...... 0... cece cee ec cence eee ee eeee X-18 


CHAPTER | 
INTRODUCTION 


CHAPTER | 
INTRODUCTION 


SECTION 1 

SPECIFICATIONS 

Specifications for the 620/L-100 computer are listed in table I-1. 
Table !-1. 620/L-100 Computer Specifications 

Parameter Description 


Type A system computer, general-purpose, digital, de- 
signed for on-line data system requirements 


Memory Magnetic core, 16 bits, 950 nanoseconds full 
cycle, 425 nanoseconds access time, 4,096 words 
minimum, expandable to 32,768 words 


Arithmetic Parallel, binary, fixed point, two's complement 
Word Length 16 bits 
Speed (Fetch and Add or Subtract 1.9 microseconds 
Execute) Multiply 9.5 microseconds 

Divide 9.5 to 13.2 microseconds 

Register change 0.95 microsecond 

1/O from A or B . 

Register 1.9 microseconds 

1/O from Memory 2.85 microseconds 
Addressing Modes Direct, to 2,048 words 


Relative to P Register, to 512 words 

Indexed with X or B Register (does not add to 
execution time) 

Multi-level indirect 

Immediate 

Extended 
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Table 1-1. 620/L-100 Computer Specifications (continued) 


Parameter : Description 
Instruction Types Single 
Double word 
Generic 


Micro-command 


Instruction Over 100 standard commands, plus more than 128 
macro-instructions 


Operation Registers A Register: 16-bit register used as the high-order 
accumulatcr and for I/O transfers 


B Register: 16-bit register used as the low-order 
accumulatcr, index register, and for I/O transfers 


X Register: 16-bit index register 


P Register: 16-bit program counter 


U Register: 16-bit instruction register 
Auxiliary L Register: 15-bit memory address register 
Registers . 

W Register: (16-bit memory data register 

S Register: 5-bit shift register 

R Register: 16-bit operand register 
Logic and Signals Integrated circuits, 4.211-MHz clock. Internal logic 


levels: O volt is false (ZERO), +5 volts is true 
(ONE). Memory data logic levels: 0 volt is true 
(ONE), +5 volts is false (ZERO). 1/0 bus logic 

levels: +3 volts is false (ZERO), O volts is true 
(ONE) 


CHAPTER | 
INTRODUCTION 


Table |I-1. 620/L-100 Computer Specifications (continued) 


Parameter 


Control Panel 


Input/Output 


Computer Options 


Software 


Description 


Register entry switches and display indicators for 
all operation registers; three sense switches; 
instruction repeat, single step, run, system reset, 


‘disable, and power on/off switches 


Programmed |/O operations include external control, 
program sense, input data transfer, and output data 
transfer. Direct memory access facility provides 
automatic data transfer (382,720 words maximum per 
second) between memory and peripherals. |/O inter- 
rupts allow computer options to interrupt the CPU 


620/L-05 Memory Protection 
620/L-15 Loader Protection 


SYMBOLIC ASSEMBLER: 

Modular two-pass symbolic assembler operating in 
the basic 4,096-word memory, includes 17 basic 
pseudo-operations; the 8,192-word memory version 
includes over 30 pseudo-operations 


FORTRAN: 
Modular one-pass compiler; subset of ANSI FORTRAN 
for 8,192-word memory 
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Table I-1. 620/L-100 (“Computer Specifications (continued) 


Parameter Description 


AID: 

Program analysis package that assists programmers 
in operating the machine and debugging other 
programs, includes basic operational executive 
subroutines 


DIAGNOSTICS: 

Software package that provides fast off-line veri- 
fication of computer and peripheral operation and 
assists in isolating and correcting suspected faults 


SUBROUTINES: 

Complete library of basic mathematical, fixed- and 
floating-point, single- and double-precision, 
number conversion and peripheral communication 
subroutines plus provisions for adding application- 
oriented routines 


MOS: 

The master operating system (MOS) provides for 
automatic batch processing that includes a 
minimum 8K core 


BASIC: 

BASIC ts an easy-to-use programming language for 
business and scientific applications, permitting 

an inexperienced operator to program the system 
with only a few hours training 


RPG IV (optional): 

The report program generator (RPG IV) system, a 
hardware/software package, produces reports, 
financial statements, sales records, and other 
commerical documents in tabular form 
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Table 1-1. 620/L-100 Computer Specifications (continued) 


Parameter 


Dimensions 


Weight 


Input Voltage 


Input Current 


Temperature 
Operating 
Storage 


Humidity 
Operating 
Storage 


Vibration 


Shock ' 


Description 


The mainframe and expansion chassis are 10.5 inches 
(26.6 cm) high, 13 inches (32.9 cm) deep, and 19 
inches (48.1 cm) wide. The power supply is 10.5 
inches (26.6 cm) high 7.5 inches (18.9 cm) deep, 

and 17.75 inches (44.9 cm) wide 


The mainframe and expansion chassis each weigh 
approximately 35 pounds (witnout circuit cards); 
the power supply weighs approximately 36 pounds 


105 to 125V ac or 210 to 250V ac at 50 or 60 Hz 
(For compatibility with the Teletype, frequency 
must be either 50 or 60 (+1/2, 0) Hz.) 


The power supply requires 5 amperes of ac current 
at 115 volts, and 3 amperes at 230 volts 


0 to 50 degrees C 
20 to 70 degrees C 


To 90 percent without condensation 
To 95 percent without condensation 


3.to 10 Hz at 1g force or 0.25 double amplitude, 
whichever is less. Exponentially raised 

frequency from 3 to 10 Hz and back to 3 Hz over 
a 10-minute period, three complete cycles. This 
specification applies for all three principal axes 


4g for 5 to 11 milliseconds, essentially sine 
shock waveform (all three principal axes, both 
directions in each axes) 
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SECTION 2 
TECHNICAL MANUALS 


To ensure full utilization of the 620,/L-100 computer, technical manuals (including this 
manual) are provided with each computer. The applicable manuals and corresponding 
part numbers are listed below. 


Title Document No. 
620-100 Reference Handbook 98 A 9905 003 
620/L-100 Maintenance Manual 98 A 9905 151 
620 Test Programs Manual 98 A 9952 061 
620/L-100 Teletype Controller 98 A 9905 160 


Manual 


Information for the computer options and peripheral controller options is provided in the 
corresponding 620/i option manuals with addendum sheets indicating minor differences 
for the 620/L-100 computer system. In addition, manufacturers’ technical manuals for 
peripheral devices such as Teletypes and magnetic tape units are also provided. 
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SECTION 1 
SYSTEM LAYOUT AND PLANNING 


1.1 COMPUTER CHASSIS 


There are two types of chassis in the 620/L-100: the mainframe chassis and the 
expansion chassis. 


1.1.1 Mainframe 


The mainframe contains the basic computer hardware: the CPU, memory, and control 
panel. Mainframe memory size can be either 8,192 words (8K) or 4,096 words (4K). The 
mainframe can also accommodate the internal computer options and various peripheral 
controllers. 


1.1.2 Expansion Chassis 


Three versions of the expansion chassis are available for additional memory, peripheral 
controllers, or a combination of both. A single expansion chassis can accommodate up to 
24K of memory, or up to 22 peripheral controller cards. For further 1/O expansion, more 
than one |/O expansion chassis can be installed in a single computer system. 


1.2 POWER AND ENVIRONMENTAL REQUIREMENTS 


One power supply provides power for the CPU, 32K of memory, and all the internal 
options. A second power supply is normally required when peripheral controller cards are 
added. 


The power supplies are contained in individual chassis. They connect to a standard 115- 
volt, 60-Hz power source. Also available, for European installations, are power supplies for 
use with 230-volt, 50-Hz sources. Power regulation is not required under normal 
commercial power conditions. With maximum loads, the power supply draws 
approximately 5 amperes of ac line current. 
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Ambient temperature at the installation site can vary between ( and 50 degrees C with 
no adverse effects on computer operations. To extend the life expectancy of the computer, 
however, it is recommended that ambient temperature be maintained between 15 and 30 
degrees C. 


Relative humidity can be up to 90 percent (without condensation). 


1.3 SPACE REQUIREMENTS 


The mainframe, expansion chassis, and power supply are contained in individual cabinets 
suitable for rack-mounted or table-top) installation. For equipment-rack installation, the 
power supply is normally mounted in a hinged, swing-down chassis at the rear of the 
mainframe or expansion chassis. The power supply should be mounted to provide easy 
access to adjustment controls, test points, and power switch (see installation drawing 
93D0275 in volume 2). 


Both the mainframe and expansion chassis are 10.5 inches (26.6 cm) high, 13 inches (23 
cm) deep, and 19 inches (48.1 cm) wide. The power supply is 6.0 inches (15.2 cm) high, 
10.2 inches (26 cm) deep, and 17.75 inches (45 cm) wide. The standard 33 ASR TTY unit 
with stand is approximately 33 inches (83.5 cm) high, 19 inches (48.1 cm) deep, and 22 
inches (55.7 cm) wide. | 


The memory expansion chassis must be located directly above or below the mainframe. An 
expansion chassis containing only peripheral controllers; however, does not have to be 
located directly adjacent to the mainframe as I/O expansion cables are available in 
various lengths up to 20 feet (6m). The dc power cable connecting the power supply to the 
mainframe (or expansion chassis) is 6 feet (1.8m) in length. 
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SECTION 2 
PHYSICAL DESCRIPTION 


2.1 MAINFRAME 


The mainframe (part number 01P1035) contains a control panel, a connector panel, and 
card slots for CPU, memory, internal options, and various peripheral controller cards. A 
fan is located underneath the left portion of the mainframe (viewed from the front) to 
provide cooling for the electronic components. All wiring for the circuit cards is contained 
on a wiring plane located behind the control panel. 


2.1.1 Control Panel 


The molded plastic control panel contains all controls and indicators necessary to operate 
the computer. The printed circuit display card (part number* 44P0515) mounted behind 
the panel contains lamps, switches, and associated circuitry for the control indicators. 
The lamps can be replaced without soldering. As illustrated in figure Il-1, the display card 
connects to the CPU via two flat cables that connect to J27 and J28 on the mainframe 
backplane. 


The words part number will not precede the number in the remaining text. 


The control panel is hinged to the front of the mainframe. To unlatch the panel, push the 
pushbutton fastener on the left side. The control panel can then be opened to expose the 
mainframe wiring. 


2.1.2 Connector Panel 


The connector panel (figure II-2) is located at the rear of the mainframe and contains 
power connector J30 and Teletype connector J31. An optional !/O feature consists of an 
internal I/O harness assembly (53P0571) that is wired between slot 26 and an optional 
1/0 connector J32. This feature allows the user to connect his own equipment directly to 
the 620/L I/O lines. Additional connectors can be added to the connector panel for 
special user requirements. 
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CONTROL PANEL 


FLAT CABLES 
t P/N 53A0467-002 ) 


BACKPLANE WIRING 
MAINFRAME (FRONT VIEW) 


VTII-1377 
Figure |l-1. Mainframe With Open Panel 


CARD SLOT NUMBERS TTY CONNECTOR 


OPTIONAL [/O 
CONNECTOR POWER CONNECTOR 


VIIT-I182 
Figure II-2. Mainframe Connector Panel 
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2.1.3 Circuit Cards 


The mainframe contains 26 card slots to accommodate circuit cards and circuit-card 
connectors for expansion cables (refer to figure HI-3). Card slot assignments are listed in 
table II-1. 


Except for the memory stack card, the cards are 7-3/4-by-12-inches (19.7 x 30.3 cm), 
each containing a 122-pin connector for mounting into the mainframe/backplane 
connectors. The cards are installed through the rear of the mainframe with the component 
side on the left (except for the memory stack card for which the component side is on the 
right). Card slot 18 is normally not wired; however, it can be used for special options 
(such as memory protection) or peripheral controllers that require an additional slot. 


The connectors at both ends of the memory expansion cable consist of printed circuit 
cards. One circuit card connector plugs into slot 1 of the mainframe, the other into slot 2 
of the expansion chassis. The same type of cable is used for |/O expansion. The |/O 
expansion cable plugs into slot 26 of the mainframe and slot 13 of the right half of the 
expansion chassis (viewed from the front). 


Table H-1. Mainframe Card Slot Assignments 


Card Slot Part No. Card Name 
1 oe Memory expansion connector 
and memory stack 
2 44P0506 Sense/inhibit 
3 44P0578 Driver/sink switch 
4* . Memory stack 
5 44P0506 Sense/inhibit 
6 44P0599 Memory timing control 
7 44P0592 Register 
8 44P0592 Register 
9 44P0592 Register 
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FRONT PANEL © 


BACKPLANE CIRCUIT 
CARD CONNECTORS 


VTL -0922A 


cae’, 
Mee 4 


EXPANSI 
MEMORY 
CONNEC 


SLOT 26 


Figure I!-3. Mainframe Circuit Card Installation 
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Table II-1. Mainframe Card Slot Assignments (continued) 


Card Slot 


10 
11 
12 
13 
14 


15 


16 


17 

18 
19-25 

26 


Part No. 


44P0595 
44P0596 
44P0597 
44P0593 


44P0594 


44P0598 


44P0237 


44P0013 


Card Name 


Processor contro! 1 
Processor control 2 
Processor control 3 
Processor control 4 
Multiply/divide and 
extended addressing 
Direct memory access and 
interrupt 

Automatic memory enable/ 
disable, or optional power 
failure/restart and real- 
time clock 

Teletype controller 

Not wired 

Peripheral controllers 

1/O expansion connector 


* The memory stack card occupies this card slot space but does not plug into the slot 
connector; it plugs into a right-angle connector mounted on the sense inhibit card. 


2.2 EXPANSION CHASSIS 


The expansion chassis contains a front panel, a connector panel, and card slots for 
memory and/or peripheral controller cards. Fans are installed in the bottom of the 
expansion chassis to provide cooling for the memory cards; one fan for the first 8K 
memory, and an additional fan if the chassis contains 16K or 24K. No fans are provided 
in an expansion chassis containing only peripheral controllers. 
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The card-slot numbers in the expansion chassis are divided intc two sets of 13. Wher. 
viewed from the rear, the numbers run 1 through 13 from right to left. The circuit cards 
are installed in the expansion chassis in the same manner as in the mainframe (refer to 
section 2.1.3). . 


2.2.1 Front Panel 


The front panel is blank and mounted on hinges. To unlatch the front panel, press the 
pushbutton fastener on the left side. “he panel can then be opened to expose the chassis 
wiring. 


2.2.2 Connector Panel 


The connector panel (figure 11-4) is located at the rear of the expansion chassis and 
contains power connector J30 which routes power to the expansion memories and 
peripheral -controllers. An optional !1/O feature consists of an internal 1/O harness 
assembly (53P0571) that is wired to the optional |1/O connector J32 This feature allows 
the user to connect his own equipment directly to the 620/L-100 |/O lines. Additional 
connectors can be added to the connector panel for special user requirements. 


2.2.3 Memory Expansion 


Memory is expanded with 8K or 4K slave memory modules which are installed in the 
expansion chassis. An 8K slave module is the same as the 8K master module (in the 
mainframe) except that it has no timing and control circuit card (44P0599). A 4K slave 
module is the same as an 8K slave module except it has only one sense/inhibit card 
(44P0599) and one stack card. A rnernory buffer card (44P0521) is required for a memory 
size larger then 8K. 


Computer systems with memory sizes of 12K, 16K, 20K, or 24K require an expansion 
chassis that contains left-half memory-expansion wiring (01P1312). Computer systems 
with memory sizes of 28K and 32K require that the expansion chassis also contain right- 
half memory-expansion wiring (01P1314). Table Il-2 lists the hardware required in the 
mainframe and expansion chassis for the various memory sizes. Table II-3 lists the card 
slot assignments for the expansion chassis memory cards. 
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Table II-2. Memory Expansion Hardware 


Mainframe - Expansion Chassis 
Hardware 4K 8K 12K 16K 20K 24K 28K 32K 
4K data module, 01C1065* 1 1. 1 .- I 1 ] 1 1 
Timing card, 44P0599 1 
Driver/sink card, 1 1 1 1 
44P0578 
Buffer card, 44P0521** | 1 
Expansion cable, 53P0547** a 
Left-half memory 
expansion, 01P1312** a | 
Right-half memory 
expansion, 01P1314*** 1 


* A 4K data module consists of one sense inhibit card and one stack card. 
** Part of Memory Backplane Option-LH (01P1311) 


***Part of Memory Backplane Option-RH (01P1313) 
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Table l1-3. Expansion Memory Card Slot Assignment 


INSTALLATION 
1 
2 
3 
4* 
Left-half 5 
memory expansion, 6 
01P1312 7* 
8 
9* 
10 
11 
12* 
13 
Right-half 6* 
memory expansion, 7 
01P1314 8 
Q* 
10 


* The memory stack card occupies this card slot space but does not plug into the slot 


Blank 
Memory expansion connector 
Memory buffer card 
Memory stack card 
Sense inhibit card 
Driver/sink switch card 
Memory stack card 
Sense inhibit card 
Memory stack card 
Sense inhibit card 
Driver/sink switch card 
Memory stack card 
Sense inhibit card 


Memory stack card 
Sense inhibit card 
Driver/sink switch card 
Memory stack card 
Sense inhibit card 


WL I WL JIL 


Ist 
4K 


2nd 
4K 
3rd 
4K 


4th 
4K 


5th 
4K 


6th 
4K 


Ist 
8K 


2nd 
8K 


3rd 
8K 


connector; it plugs into a right-angle connector mounted on the sense inhibit card. 
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2.2.4 I/O Expansion 


An expansion chassis equipped with right-half 1/0 wiring. (01A1116) can be used to 
provide 12 controller card slots. If additional space is required, the chassis can also be 
equipped with left-half 1/O wiring (01A1117) to provide an additional ten controller card 
slots. 


The standard computer contains drivers and receivers to accommodate _ ten peripheral 
controllers. For additional drivers and receivers, a |/O buffer card (44P0254) is available 
and is normally installed in slot 18 of the mainframe. The last card slot must contain an 
1/0 termination shoe (44P0530) which consists of 150-ohm resistors connected to +3 
volts. 


2.3 POWER SUPPLY 


The power supply provides power for the CPU, 32K of memory, and all internal options. 
The power supply is contained in a standard rack-mountable chassis, normally installed 
behind or near the mainframe or expansion chassis. A fan at one end of the power 
supply provides cooling for the electronic components. 


The top panel of the power supply (figure II-5) contains test points and adjustment 
controls for the +5, -5, +12, and -12 voltages. The bottom panel of the power supply 
(figure II-6) contains the on-off switch, the ac power cord, and the terminal board that 
connects to the dc power cable (53P0569). The terminal board pin assignments are as 
follows: 


Pin Function 


115V fan 
115V fan 
AC return 
AC out 
Relay coil 
Relay Return 
+12V 
Common 


OnNA OR WND = 
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Pin Function 
9 Common 
10 -12V 
11 +5V 
12 + 5V 
13 -5V 
14 Data guard 


/ \ 
J30 
On——40 
OPTIONAL YO 


CONNECTOR POWER CONNECTOR 


VINI-TISS 


Figure 11-4. Expansion Chassis Connector Panel 


I-12 


CHAPTER II 
INSTALLATION 


DANGER - HIGH VOLTAGE 


2 UIAGE ADJUSTMENT 


TP aby 1.P Ata 


VTIN-1154 
Figure 11-5. Power Supply Top Panel 
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e 
S 
z 
OC POWER CABLE 
my (P/N 53P0569) 
VTIN-1155 


Figure IIl-6. Power Supply Bottom Panel 
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SECTION 3 
SYSTEM INTERCONNECTION 


3.1 MEMORY EXPANSION INTERCONNECTION 


As illustrated in figure |l-7 the memory expansion chassis is connected to the mainframe 
by a short flat cable with a 122-pin card connector at both ends. The cable (53P0547) 
plugs into card slot 1 of the mainfrarne and card slot 2 of the expansion chassis. Only one 
memory expansion chassis is required in each system, and it must be located directly 
above or below the mainframe. 


3.2 1/0 EXPANSION INTERCONNECTION 


The 1/O expansion chassis is connected to the mainframe by the type of cable (53P0547) 
used in memory expansion (refer to figure II-8). However, the cable used for |/O 
expansion is available in various lengths up to 20 feet (6m). The cable plugs into card slot 
26 of the mainframe and slot 13 of ihe expansion chassis. An 1/O termination shoe card 
(44P0530) is installed in the last card slot of the expansion chassis. 


3.3 POWER SUPPLY INTERCONNECTION 


The power supply is connected to the mainframe and expansion chassis by a dc power 
cable (53P0569) as illustrated in figures I|-7 and II-8. The power cable is 34 inches long 
and connects J30 on the rear of the mainframe or expansion chassis to the terminal 
board on the power supply. When one power supply provides power for both the 
mainframe and an expansion chassis (as in the two illustrations), two power cables are 
connected to the terminal board of the power supply. 


3.4 TELETYPE INTERCONNECTION 


The Teletype cable (53P0016) is normally 20 feet (6m) long and connects J31 on the rear 
of the mainframe to the Teletype unit. 


For the model 33 ASR, the cable connects to an S connector labled 2 in the Teletype unit. 
The S connector location is at the right rear, top row, second connector from the right. 
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MEMORY 
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(P/N 53P0016) 
\‘ 
Ba, ¥ 


TO TTY UNIT 


DC POWER CABLES 
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VTII-1156 
Figure Il-7. Memory Expansion Interconnection 
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VO EXPANSION 
CABLE (P/N 53P0547) 


ACG POWER CABLE 
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| Figure .11-8. 1/0 Expansion Interconnection 
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For models 35 ASR and 35 KSR, the cable is wired directly to a power terminal block in 
the Teletype unit. The terminal block is located at the right lower rear of the cabinet 
behind the Teletype print mechanism. , 


3.5 CABLE PIN ASSIGNMENTS 


Tables 1|-4 through II-8 list pin assignments for the following system interconnection 
cables: 


a. Memory expansion 
b. 1/0 expansion 
c. DC power 
d. 33 ASR Teletype 
e. 35 ASR and 35 KSR Teletypes 
Table 1-4. Memory Expansion Cable Pin Assignments 
Pin Signal Pin Signal Pin Signal 
1 GRD 21 GRD 41 GRD 
2 --- 22 LOOX + 42 W03X —- 
3 GRD 23 GRD 43 GRD 
4 LOOX + 24 L10X + 44 WwO04X - 
5 GRD 25 GRD 45 GRD 
6 LOIX + 26 L11X + 46 WO5X - 
7 GRD 27 GRD 47 GRD 
8 LO2X + 28 L12X + 48 WO6X - 
9 GRD 29 | GRD 49 GRD 
10 LO3X + 30 L13X + 50 WO07X - 
11 GRD 31 GRD 51 GRD 
12 LO4X + 32 L14X + 52 oe 
13 GRD 33 GRD 53 GRD 
14 LOSX + 34 “++ 54 - 
15 GRD 35 GRD 55 GRD 
16 LO6X + 36 — WOOX - 56 SASX - 
17 GRD 37 GRD 57 GRD 
18 LO7X + 38 WO1X - 58 RXXX —- 
19. GRD 39 GRD 59 GRD 
20 LO8X + 40 WO02X - 60 WRTX + 
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Table II-4, Memory Expansion Cable Pin Assignment (continued) 


Pin 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 


Signal Pin 
GRD 82 

os 83 
GRD 84. 
SSLI1 - 85 
GRD 86 
SSL2 - 87 
GRD 8& 
SSL3 - 84 
GRD 90 
SSL4 - 9] 
GRD 92 
WO8X - 933 
GRD 94 
WO9X - 95) 
GRD 96 
W10X - 97 
GRD 98 
W11X - 99 
GRD 100 
W12X - 10]. 
GRD 102 


Signal 


W13X - 
GRD 
W14X - 
GRD 
W15X - 
GRD 
MSCE + 
GRD 
MSPX + 
GRD 
WSTX - 
GRD 
RWT1 - 
GRD 
FCYX + 
GRD 


TCRX -— 


GRD 
RWT2 - 
GRD 
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Pin 

103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 


115 


116 
117 
118 
119 
120 
121 
122 


Signal 


GRD 
RSTM —- 
GRD 
GRD 
GRD 
INHE -1 
GRD 
INHE -0 
GRD 
GRD 
GRD 


GRD 


GRD 


GRD 


2 
3 
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Table 1-5. 1/0 Expansion Cable Pin Assignment 


Pin 


Signal 


RT06 - 
RT07 - 
FRYX -| 
RT08 - 
DRYX -| 
RTO9 - 
SERX —| 
RT10 - 
TPIX -1 
RT11 - 
TPOX - | 
RT12 - 


RT13 - 
RT14 - 
SYRT -| 
IUAX -| 


lUCX -| 
IURX -| 
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Pin 


Signal 


IUJX -1 
GRD 
TROX -B 
TROX -B 
RT15 - 
BCDX -B 
RT16 - 
CDCX -B 
RT17 - 
DCEX -B 
RT18 - 
TAKX -B 
RT19 - 
DESX -B 


DAG5 
GRD 
+3V dc 


GRD 
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Table I!-6. DC Power Cable Pin Assignment 


Pin Signal Pin Signal Pin Signal 

1 7 Relay coil 13 -12V 

2 me 8 AC return 14 + 5V 

3 AC out 9 “+ 15 -5V 

4 Relay return 10 Data guard 16 Common 
5 115V fan 11 “+ 17 Common 
6 115V fan 12 +12V 


Table II-7. 33 ASR Teletype Cable Pin Assignment 


J31 Teletype Controller 

End End (P2) Pin Signal 
1 9 113 Return 
2 6 112 Receive 
3 8 114 Send 


Table 11-8. 35 ASR and 35 KSR Teletype Cable Pin Assignment 


J31 Teletype Controller 

End TB End Pin Signal 
1 4 113 Return 
4 be) 112 Receive 
3 7 114 Send 
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SECTION 4 
SYSTEM INTERRUPT PRIORITY 


4.1 GENERAL 


System interrupt priority is established by the connecting of various computer devices in a 
priority chain. Devices that can be included in the priority chain are: power failure/ 
restarts (PF/R), memory protection (MP), real-time clock (RTC), priority interrupt module 
(PIM), and buffer interlace controller (BIC). Peripheral controllers do not generate 
interrupt requests; this function is performed with the PIM. 


Normally, the priority assignments are wired at the factory before the equipment is 
delivered; however, a description is presented in this section for the user who wishes to 
augment or change his system. The interrupt priority assignment is unique for each 
computer system and specific information concerning each system is included as part of 
the installation instructions delivered with the equipment. 


4.2 INTERCONNECTION 


Interconnection of devices located in the same chassis is accomplished by connecting the 
priority-out signal (PRNX-1) of the first priority device to the priority-in signal (PRMX-1) of 
the next lower-priority device. This process continues until all subsequent priorities within 
the chassis are assigned. The priority-in signal of the first-priority device is connected to 
ground. 


To establish a priority chain for devices in separate chassis, four priority lines are available 
in the 1/O expansion cable and are wired into the computer as required. The designation 
and cable pin assignments of the priority lines are as follows: 


Signal 1/0 Cable Pin 
PR1X -| 37 
PR2X -| 39 
PR3X - | 41 
PR4X -| 42 
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Figure 11-9 illustrates typical interrupt priority connections for a computer system 
containing the PF/R, RTC, and PIM in the mainframe, and two BICs in an expansion 


chassis. 
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SECTION 1 
CONTROL PANEL OPERATION 


1.1 GENERAL 


This section describes the operation of the 620/L-100 control panel switches and 
indicators (refer to figure III-1). 


1.2 POWER SWITCH 


The power switch is a key-operated switch controlling the application of ac line voltage to 
the computer power supply. In the OFF position, no ac line voltage is applied to the 
computer power supply. In the PWR ON position, ac line voltage is applied to the 
computer power supply which in turn applies dc power to the computer. In the CONSOLE 
DISABLE position, dc power is applied to the computer; however, ail control panel 
switches are disabled except the power switch itself. Pressing any other switch while the 
power switch is in CONSOLE DISABLE has no affect. The control panel indicator lights are 
functional when the power switch is in either the PWR ON or CONSOLE DISABLE: position. 


The key can be removed from the power switch in any of the three positions. To turn off 
the computer, place the power switch in the PWR ON position, press the STEP switch, 
then turn the power switch to OFF. 


1.3 STEP SWITCH AND INDICATOR 


The STEP switch is a momentary, spring-loaded switch. Pressing it when the computer is 
in run mode causes the computer to halt after execution of the current instruction. 
Pressing the STEP switch when the computer is halted executes the instruction in the U 
register. 


When the STEP switch is activated, the STEP indicator lights. The STEP indicator goes 
out when the RUN switch is activated. 


1.4 RUN SWITCH AND INDICATOR 


The RUN switch is a momentary, spring-loaded switch. Pressing it starts the program at 
the location specified by the P register, after execution of the instruction in the U register. 
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When the RUN switch is activated, the RUN indicator lights. The RUN indicator goes out 
when the STEP switch is activated. 


1.5 REGISTER SWITCHES 


The REGISTER switches consist of five toggle switches used to select one of five registers 
(X, B, A, U, and P) for display or entry. A register is selected by pressing down on the 
appropriate REGISTER SWITCH. Only one register can be selected at a time; selection of 
two or more registers simultaneously disables the selection logic and _ the register display. 


1.6 BIT RESET SWITCH 


The BIT RESET switch is a momentary, spring-loaded switch. Pressing it when the 
computer is in step mode causes all bits of the selected register to be reset and all the 
register display indicators to go out. 


1.7 REGISTER ENTRY SWITCHES AND DISPLAY INDICATORS 


The 16 indicators across the top of the control panel display the contents of a selected 
register. Data are entered into registers on the corresponding register entry switches 
located under the indicators. The indicators and switches are read from left to right, bits 
15 to 0. An illuminated indicator shows that that bit contains a one. For negative data, 
the sign bit (bit 15) is a one. The indicators and switches are divided into groups of three 
for ease in reading octdl configurations. 


1.7.1 Register Display 


To display the contents of a register, press the STEP switch and press down the 
REGISTER switch for the desired register. The display indicators light when the register 
bits are set to one. To remove the display, pull up on the REGISTER switch. 


1.7.2 Data Or Instruction Entry 


To enter data or instructions in a register: 
a. Display the contents of the selected register (section 1.7.1). 


b. Clear the register by pressing the BIT RESET switch. 
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c. Enter ones by pressing the register entry switches corresponding to the bits to 
be set. For each switch pressed, the associated indicator lights. The register bits 
are reset by pressing the BIT RESET switch. 


1.8 REPEAT SWITCH 


The REPEAT switch is a toggle switch that permits manual repetition of an instruction in 
the U register. With the REPEAT switch in the down position, depressing the STEP switch 
executes an instruction and advances the P register; however, the contents of the U 
register are left unchanged. The REPEAT switch ts disabled when the computer is in run 
mode. 


1.9 SENSE SWITCHES 


SENSE switches 1, 2, and 3 (S24, $25, S26) are toggle switches which are activated when 
placed in the down position. When the computer is operating in either run or step mode, 
the SENSE switches allow the operator to modify the program and cause the computer to 
perform special functions. Statements can be included tn a program to test the condition 
of these switches and to vary program execution based on the switch settings. The three 
SENSE switches produce a logical AND function with bits 6 through 8 of the jump, jump 
and mark, or execute instruction word; consequently, they can provide various logical 
branches that are selected from the control console. The SENSE switches permit manual 
program control whenever SENSE switch jump, jump and mark, or execute instructions 
(JSS1, JSS2, JSS3, JSIM, JS2M, JS3M, XS1, XS2, and XS3) are performed. The indicated 
jump and execute operations are performed only if the corresponding SENSE switch is 
activated. 


1.10 SYSTEM RESET SWITCH 


The SYSTEM RESET switch is a momentary, spring-loaded switch used to initialize and 
halt the computer and its peripherals. This switch does not clear the registers. 


1.11 OVFL INDICATOR 


The OVFL indicator lights whenever an overflow condition exists. 
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SECTION 2 
MANUAL OPERATIONS 


2.1 GENERAL 


With the computer in step mode, data or instructions can be manually transferred to or 
from memory, or stored programs can be manually executed. 


Note that the U register contains the instruction being executed, while the P register 
points to the address of the instruction. 


Refer to the 620-100 Reference Handbook (98 A 9905 003) for octal codes of the 620/L 
instructions. 


2.2 LOADING WORDS INTO MEMORY 


To load instruction or data words into memory, enter the desired word into the A, B, or X 
register. Enter the appropriate store instruction (STA, STB, or STX) with the desired 
operand address in the U register. Then press the STEP switch to execute the store 
operation. 


Direct addressing is used if the specified address is located within the first 2,048 (9 
through 2,047) memory locations; for memory addresses of 2,048 and above. relative 
addressing is used. 


2.3 DISPLAYING CONTENTS OF A MEMORY CELL 


To display the contents of any memory cell in the A, B, or X register, enter the 
appropriate load instruction (LDA, LDB, or LDX) with the proper memory address into the 
U register. Then press the STEP switch to load the selected word into that register. By 
pressing the appropriate REGISTER switch, the contents of the selected register are 
displayed on the register display indicators. 
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2.4 MANUAL PROGRAM EXECUTION 


To manually execute a program stored in memory, enter the starting address of the 
program into the P register. Clear the U register and press the STEP switch; this loads the 
first instruction of the program into the U register. By pressing the STEP switch again, 
the instruction is executed. Pressing the STEP switch repeatedly allows the program to be 
stepped through one instruction at a time. All operations such as multilevel indirect 
addressing are performed for each instruction as the STEP switch is activated. 


2.5 INSTRUCTION REPEAT 


In step mode, the U register contains the next instruction to be executed when the STEP 
switch is activated. The P register contains the address of the next instruction to be 
transferred to the U register after the current instruction is executed. In some cases, it is 
desirable to manually execute an instruction several times. When the STEP switch is 
pressed with the REPEAT switch activated, U register loading is inhibited although the 
instruction counter is advanced each time. This mode is particularly useful for loading 
words into sequential memory addresses or for displaying the contents of sequential 
memory addresses. 


2.6 LOADING WORDS INTO SEQUENTIAL MEMORY CELLS 


To load a group of sequential memory cells, enter the appropriate store instruction (STA, 
STB, or STX) into the instruction register with the relative addressing mode” in the M 
field and the base address in the A fie'd. Repeated operation of the STEP switch will store 
the contents of the A,.B, or X register into sequential memory locations. The word loaded 
can be changed on each step by entering the desired value into the operation register (A, 
B, or X) for each step. 


2.7 DISPLAYING SEQUENTIAL MEMORY CELL CONTENTS 


To display the contents of a group of sequential memory cells, enter the appropriate load 
instruction (LDA, LDB, or LDX) in the U register in the relative addressing mode”, with 
the base address in the P register, and the A field of the U register equal to zero. The 
contents of the sequential locations are displayed in the selected operation register each 
time the STEP switch is activated. 


* See table F-1 in appendix F for a description of the relative addressing mode. 
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SECTION 3 
PRELIMINARY OPERATING PROCEDURES 


3.1 GENERAL 


This section provides preliminary operating procedures to place the computer system in a 
ready-to-use condition. These procedures consist of the power on, bootstrap loader, and 
binary load/dump routines. The bootstrap loader and binary load/dump routines must be 
used when a cold start is required; i.e., when the specific contents of memory are 
unknown to the operator. 


3.2 POWER ON ROUTINE 


To perform the power on routine: 
a. Turn the power switch key to the PWR ON position. 
b. Press the SYSTEM RESET switch to initialize the computer control circuits. 


c. Clear all registers by momentarily placing each REGISTER switch in the down 
position and pressing the BIT RESET switch each time. 


3.3 BOOTSTRAP LOADER ROUTINE 
After the power on procedure is complete, the bootstrap loader routine is performed. This 
routine consists of manually loading several instruction codes into designated memory 
addresses. To load the bootstrap loader routine: 

a. Load instruction 054000 (store A relative to P) in the U register. 

b. Place the REPEAT switch in the down position. 


c. Load the starting memory address (007756) of the bootstrap loader routine into 
the P register. 
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d. Manually load the instruction codes of the bootstrap loader routine into the A 
register. As each instruction: is loaded, press the STEP switch. This causes the 
computer to load the A register contents into the address specified by the P 
register, which is incremented by one after each instruction is loaded. 


Bootstrap loader routine instructions (BLD Il) are: 


Paper Tape 
Address Reader Code TTY Code Mnemomic 
007756 102637 102601 CIB 
007757 004011 004011 ASLB 
007760 004041 004041 LRLB 
007761 004446 004446 LLRL 
007762 001020 001020 JBZ 
007763 007772 007772 Memory address 
007764 055000 055000 STA 
007765 001010 001010 JAZ 
007766 007000* 007000* Memory address 
007767 005144 005144 IXR 
007770 005101 005101 INCR 
007771 100537 102601 CIB 
007772 101537 101201 SEN 
007773 007756 007756 Memory address 
007774 001000 001000 JMP 
007775 007772 007772 Memory address 


Data to be 07600 for use with Maintain II. 
To determine that the bootstrap loader is correctly loaded, perform the following: 
a. Initialize the computer by pressing the SYSTEM RESET switch. 


b. Clear all registers by momentarily placing each REGISTER switch in the down 
position and pressing the BIT RESET switch each time. 


c. Load instruction 014000 (load A relative to P) into the U register. 
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._ d. Load the starting memory address (007756) in the P register, keeping the 
REPEAT switch in the down position. 


e. Select the A register and press the STEP switch. The contents of each memory: 
address are displayed sequentially each time the STEP switch is pressed. 


f. Ifan error is found, reload the erroneous instruction codes into memory. 
NOTE 


The P register error message is always the error address plus one. 


3.4 BINARY LOAD/DUMP (BLD II) 


The binary load/dump program (BLD II) allows the user to load object programs from a 
high-speed paper tape reader or a Teletype paper-tape reader, or to punch the binary 
contents of memory on paper tape in a reloadabie format. 


BLD II (part number 92A1007-001) is on paper tape in two sections: a binary load 
section and a binary dump section. The binary load section is in a special format to allow 
loading of a program tape via the bootstrap loader routine. After the binary load section 
is placed in memory, control transfers to it and it then loads the binary dump section. 

The binary dump section allows a program stored in memory to be punched on paper 
tape in standard binary format. 


3.4.1 Location of BLD li 
Once loaded into memory, BLD I! relocates itself into the upper part of the highest 4K 
memory module unless the operator specifies a different 4K memory module. 


Initially, BLD || occupies addresses 07000 to 07755. By residing in these locations, it does 
not interfere with the bootstrap loader occupying addresses 07756 to 07776. Immediately 
after loading, BLD || relocates to occupy addresses 0x7000 through 0x7755. x denotes the 
4K memory module in which BLD || relocated as follows: 
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x = Memory Module 


AK 

8K 
12K 
16K 
20K 
24K 
28K 
32K 


NO OP WDHM KO 


Entry to BLD II to read object tapes is always 0x7600, and entry to punch object tapes is 


Ox7404. 


3.4.2 


Options Prior To Loading 


The operator has four options prior to 'oading the BLD I! tape. 


a. 


No SENSE switches set: The program accepts input from the devices specified 
in the entered bootstrap routine and stores the program in the highest 4K 
memory module. After reading the program in, the computer halts with the P 
register set to the entry address (0x7600) and the A, B, and X registers cleared. 


SENSE switch 1 set: This allows the operator to select any 4K memory module 
in which the program is to operate. After reading the program in, the computer 
halts with the P register set to 07013. The operator must enter in the A register 
a number (0 through 7) specifying the memory module in which the program is 
to reside. By pressing RUN, the operator initiates the relocation and the 
computer halts as in item a above. 


SENSE switch 2 set: This adjusts the loader to accept high-speed paper tape 
reader input and adjusts the dump routine for TTY punch output. 


SENSE switch 3 set: This allows the operator to splice an object program to the 


BLD |! program tape, load the BLD II program and the object program and 
execute the object program without further intervention. 
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3.4.3 Object Program Loading Options 


_ BLD II establishes the input reader (TTY or high-speed paper tape) and the output punch 
devices by interrogating the bootstrap loader. For this reason, BLD II is adjusted to accept 
object program tapes from only the reader specified by the bootstrap routine. 


However, setting SENSE switch 2 prior to loading BLD II adjusts the program for high- 


speed paper tape reader input and TTY punch output regardless of the bootstrap-routine- 
specified |/O devices. 


3.4.4 Punching Tapes of Memory Contents 
To punch a tape from memory to the high-speed paper tape punch, SENSE switch 2 must 
not be set when BLD Ili is entered. To punch a tape from memory to the TTY punch, 
SENSE switch 2 must be set when BLD II is entered. The operator can specify that tapes 
be punched in binary format to load using the binary loader, or punch the binary loader 
in bootstrap-loadable format. 
To punch a tape in binary format: 

a. Set the P register to 0x7404. 

b. Set the A register to the address of the first word to be punched. 

c. Set.the B register to the address of the last word to be punched. 


d. Set the X register to the execution address. 


To punch the BLD II in a bootstrap-loadable format, set the P register to 
0x7400. 
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3.4.5 Loading BLD Il 

a. Enter the bootstrap lcader. 

b. Clear the U register. 

c. Set the P register to 007770. 

d. Set the X register to 007000. 

e. Set SENSE switches, if required (section 3.4.2). 

f. Turn on the paper tape reader (for the 33 ASR or 35 TTY, turn control knob to 
LOCAL and press the CRTL, D, T, and Q keys, then place control knob to LINE). 

g. Position the BLD II tape in reader with the first data frame after the eight-level 
punches under the high-speed reader head or with the first character under the 
reading station of the TTY reader (place the TTY reader control switch to 
STOP). 

h. Press RUN switch. Load is complete when the computer changes to step mode. 
For TTY, place reader control switch to RUN (START). 

i. If SENSE switch 1 is set (section 3.4.2), reset SENSE switch 1 and clear the A 
register. 

j. Enter in the A register the appropriate octal value to relocate BLD Ill, if 
applicable. Press RUN. 

k. The computer will halt in step mode with the P register containing 0x7600 


unless SENSE switch 3 was set. With SENSE switch 3 set, the computer will 
load and execute the object program. 


Remove the BLD I! program tape and reset SENSE switch 2, if applicable. 
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3.4.6 | Loading The Object Program Tape 


Object program tapes can be loaded immediately after BLD I] because the P register is set 
to the load starting address (0x7600). For all subsequent loadings, assure that P is set to 
0x7600. 


3.4.6.1 VERIFICATION 


To ensure that an object tape contains no errors before loading into core memory, BLD I! 
has an option that performs only check-sum error-checking. To use this option: 


a. Turn on the reader and position the object tape in the reader. 

b. Enter 0100000 in the A register. Set the P register to 0x7600. 

c. Clear the U register. 

d. Press RUN. 

e. Verification with no errors is indicated by the computer halting with: 


P register = Ox7600 


A register = 100000 
B register = 000000 
X register = execution address 


f. Verification with a check-sum error is indicated by the computer halting with: 


P register = Ox7600 

A register = 100000 

B register = 177777 

X register = load address of last correct address read. 
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g. To retry the check-sum error record, reposition the object program tape at the 
previous visual aid and press RUN. If a check-sum error is read again, check 
each character in the record. An error has been made in punching or the tape 
may be slightly torn. 


3.4.6.2 LOAD PROGRAM AND HALT 


To load the object program and halt: 
a. Turn on the reader and position the object tape in the reader. 
b. Clear the A, X, and U registers. 
c. Set the P register to Ox7600. 
d. Press RUN. 
e. Correct loading will be indicated by: 
P register = Ox7600 
A register = 000000 
B Register = OOO00O0 
X 


register = program execution address 


f. Acheck-sum error is indicated by the same conditions as in section 3.4.6.1, step 
f. 


3.4.6.3 LOAD AND EXECUTE FROGRAM 


Programs can be loaded and executec using the steps in section 3.4.6.2 except, in step b, 
set the A register to OOO001 (any positive number). 
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Punching Program Tapes 


With BLD II loaded and the paper tape punch on, areas of memory can be punched in 
object-tape-loadable format. 


a. 


b. 


Set the A register to the beginning address of the area to be punched. 

Set the B register to the last address to be punched. 

Set the X register to the address of the next instruction to be executed; or, if 
noncontiguous memory areas are to be punched, set the X_ register to -1 
(177777). 

Set the P register to 0x7404. 

Clear the U register. 

Press SYSTEM RESET and RUN. 

Tape will be punched and the computer halts with registers unaltered. If 
additional areas are to be punched, perform steps a through f above, e::tering 


the new areas in the A and B registers. Prior to punching the last area, set the 
X register to the execution address. 
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SECTION 1 
FUNCTIONAL DESCRIPTION 


1.1 GENERAL 


The circuits of the CPU are contained on eight circuit cards consisting of three register 
cards, four processor control cards, and the AMED circuit card. The names and part 
numbers of these circuit cards are: 


Register cards (3) 44P0592 

PiSceRSe: control 1 44P0595 

Processor control 2 44P0596 

Processor control 3 44P0597 

Processor control 4 44P0593 

AMED 44P0237 
1.2 DESIGN FEATURES 


The CPU incorporates two design features which provide wiring simplicity and simplified 
troubleshooting operations: the " bit-slice" design concept in the structural organiza- 
tion of the gating and storage elements, and the transmission bus technique for data 
transfers. 


1.2.1 Bit Slice 


Each of the three register cards (44P0592) contains circuits for six bits of all registers 
(except the L and S registers). Circuits for bits 0 through 5 are on card (44P0592) in 
mainframe card slot 7, bits 6 through 11 are in card slot 8, and bits 12 through 15 are in 
card slot 9. The last two bits in card slot 9 are not wired to the mainframe backplane. 
The (44P0592) cards are, therefore, interchangeable which simplifies troubleshooting 
operations by allowing a malfunctioning bit slice to be isolated without regard to the 
failure of a specific functional area. 
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1.2.2 ~ Transmission Bus 


A transmission bus technique is emplayed throughout the CPU. The term bus, as used in 
this manual, refers to any group of parallel signal paths. This may be any part or 
combination of the following: 


a. Circuit paths on a printed circuit board (or group of boards) which carry the 
same parallel bits of data words or related control signals. 


b. An entire wire harness assembly (or a group of wires in such an assembly) which 
carries parallel bits of data words or related control signals. 


c. An entire cable (or a group of wires in a cable) which carries parallel bits of data. 
words or related control signals. 


d. A group of jumper wires or patch cords which carry parallel bits of data words or 
related control signals. . 


1.3 FUNCTIONAL ELEMENTS 


A block diagram of the CPU is preserited in figure IV-1. The CPU contains the following 
functional elements. 


a. Timing and control 

b. Arithmetic/logic 

c. Operation registers 

d. Controls and indicators 


e. Input/output 
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13.1 Timing and Control 


The timing and control section provides timing for all computer functions, and buffers 
and decodes program instructions to coordinate timing and control sequences. 


1.3.2 Arithmetic/Logic Section 


The arithmetic/logic section contains the circuitry required for data manipulation under 
supervision of the timing and control section. 


1.3.3 Operation Register Section 


The operation register section includes the A, B, X, and P registers. All operation registers 
are full-length. The A, B, and X registers are directly accessible to the computer 
programmer, while the contents of the P register are available to the programmer through 
instructions which modify the program sequence (basically, jumps). The A and B registers 
comprise the computer accumulator, the X register serves as an indexing register for 
operand addresses, and the P register holds the address of the next instruction to be 
executed. The P register is incremented before the present instruction is executed. The A 
regisier is the accumulator, storing the results of logical and addition/subtraction 
operations. During multiplication and division, the A register forms the upper half of the 
accumulator storing. the most significant half of the double-length product in 
multiplication and the remainder in clivision. The B register forms the lower half of the 
accumulator, storing the least significant half of the double-length product in 
multiplication and the quotient in division. Both the A and B registers may be used for 
input/output transfers under program control. The B register may also be used for 
indexed address modifications, if desired. Using the B or X_ register for address 
modifications adds no time to instruction execution. 


1.3.4 Controls and Indicators 


The control panel circuits and indicators with their associated circuits are contained on 
the display card (44P0515). The contents of the operation registers and instruction 
register can be routed from the C bus and displayed on the control panel. Conversely, data 
signals from the control panel register-entry switches can be loaded into a selected 
operation register via the A and C buses. 
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1.4 PROGRAMMED 1/0 OPERATIONS 


The computer communicates with peripheral devices on a 16-bit parallel-word 1,0 bus. 
Each information transfer occurs under the control of a stored program. Information 
exchanges with peripheral devices are synchronized by peripheral controllers; a controller 
can control one or more similar peripheral devices. Each controller and the. device(s) it 
controls comprise a peripheral device option. 


Four types of !/O operations can be performed under program control: 


a. External Control. An external control code is transmitted under program 
control from the computer to a peripheral controller. 


b. Program Sense. The status of a selected peripheral controller sense line is 
interrogated by the computer under program control. 


c. Single-Word Input Transfer. A single word of data is transferred under program 
control from a peripheral controller to the A register, B register, or any location 
in memory. 


d. Single-Word Output Transfer. A single word of data is transferred under 
program control to a peripheral controller from the A register, B register, or any 
location in memory. 


1.4.1 1/O Bus Signal Interface 


The computer can communicate directly with all peripheral devices under program 
control. The computer initiates operation of a peripheral device by transmitting an 
external control code and a proper device address to the selected controller via the |°O 
bus. The computer first determines when a device is ready to send or receive information 
by interrogating its associated sense line. The device is then requested to place a word of 
data on the I/O bus during a computer input transfer or to accept a word of data placed 
on the bus by the computer during an output transfer. 


The standard !/O bus consists of the E bus and five |/O control lines: FRYX-I, DRYX-I. 
SERX-1, IUAX-!, and SYRT-I. 
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1.4.1.1 E BUS (EBOO-| THROUGH EB17-1) 


The E bus is a 16-bit, parallel, bidirectional 1/O channel used to transmit control codes, 
device addresses, and data from the computer to the peripheral devices. In turn, the bus 
is used by the options to transmit data to the computer. Ten drivers and ten receivers 
may be connected to each line. An E bus signal is logically true when it is at OV dc and 
logically false when it is at + 3V dc. A typical E bus configuration is shown in figure IV-2 


1.4.1.2 FRYX-1 


Signal FRYX-| ts generated by the cornputer to indicate that the computer has placed a 
device address and a control code on the E bus. Each peripheral controller examines the 
device address, and upon the true-to-false transition of FRYX-l, the addressed device 
responds to the control code. FRYX-I is logically true at OV dc and logically false at + 3V 
dc. Ten receivers may be connected to the line. A typical FRYX-I line configuration is 
shown in figure IV-3. 


1.4.1.3 DRYX-I 


Signal DRYX-| is generated by the computer. During an output data transfer, DRYX-| 
indicates thal the computer has placed data on the E bus and that the peripheral device 
previously addressed should strobe the data into its input buffer. During an input data 
transfer, DRYX-| indicates that the computer has accepted the data placed on the E bus 
by the peripheral device, and that, following the true-to-false transition of DRYX-1!, the 
device should remove the data. DRYX-1 is logically true at OV dc and logically false at + 3V 
dc. Ten receivers may be connected to the line. A typical DRYX-| line configuration is 
shown in figure IV-3. 


1.4.1.4 IUAX-I 


Signal |UAX-I is generated by the computer to acknowledge that either a DMA access or 
interrupt operation ts in progress. Each peripheral device controller uses IUAX-I to inhibit 
normal device address decoding. In a basic I/O interface, without the DMA option, IUAX-| 
is held false (+ 3V dc). Ten receivers may be connected ‘to the line. A typical |UAX.-| line 
configuration is shown in figure IV-3. 
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[ +3V dc | E BUS LINE 
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| | +3V dc | 
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| : ry P: LAST /O — 
PERIPHERAL CONTROLLER 2 PERIPHERAL CONTROLLER 1 SHOE 
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Figure 1V-2. Typical E Bus Line Configuration 
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V1I1-1160 
Figure IV-3. Typical Control Signal From the CPU to the Controller 
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1.4.1.5 SYRT-I 


Signal SYRT-I is used to initialize each peripheral device controller connected to the !/O 
bus. SYRT-| becomes true when the SYSTEM RESET switch on the control panel is 
pressed. SYRT-I is logically true at OV dc and logically false at +3V dc. Ten receivers may 
be connected to the line. A typical SYRT-! line configuration is shown in figure IV-3. 


1.4.1.6 SERX-I 


During the execution of a program Sense (SEN) instruction, the computer places a 
function code and a device address on the E bus. The addressed controller is instructed 
to indicate the status of the specific device condition identified by the function code. If 
the specified condition is true, the controller responds by setting the SERX-| line true. If 
the condition is false, SERX-I is left false. SERX-I is logically true at OV dc and _ logically 
faise at +3V dc. Ten drivers may be connected to the line. A_ typical SERX-! line 
configuration is shown in figure !V-4. 


1.4.2 1/O Instructions 


The basic computer provides four types of I/O ins irucnons for program control of 
peripheral devices connected to the I/O bus: 


a. External control 

b. Program sense 

c. Single-word input transfer 

d. Single-word output transfer 
Table IV-1 summarizes E bus and control signals used during these instructions. The E 
bus signals used for the execution of each command are shown in table 1V-2. These tables 
appear at the end of this section. The following paragraphs describe the operations 


associated with each instruction type and the manner in which the I/O bus signals are 
used. 
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Figure 1V-4. Typical Control Signal to the CPU From the Controllers 
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1.4.2.1 EXTERNAL CONTROL 


The External Control (EXC) instruction is used to initiate a specific mode of operation in a 
peripheral device. An example is the use of an EXC instruction to cause a magnetic tape 
transport to advance the tape one record. The EXC instruction word format is shown 
below, where YY contains the device address and X contains the function code. 


15 14 13 12 #11 £10 9 8 7 6 5 4 3 2 1 #0O 


EXC causes the function codes and device address portions of the instruction word to be 
placed on the E bus. EXC 1/0 timing is shown in figure IV-5. Signal lines EBOO-| through 
EBO5-I indicate the device address; EB06-| through EBO8-I indicate the function code. 
EB11-I is held true, indicating that an EXC function is being performed. The device 
controller decodes the binary function code, and, following the true-to-false transition of 
FRYX-I, initiates the specified mode of operation in the addressed device. During the 
execution of EXC, no data are exchanged between the computer and the device controller, 
and no response signal is expected from the controller. 


When additional function codes are required, the extended EXC instruction (instruction 
code 104) can be used. This command is identical to the normal EXC instruction 
(instruction code 100) in timing and function, but it is identified by EB15-I instead of 
£B11-l as shown in tables IV-1 and IV-2. 


Figure IV-6 shows typical implementation of the logic required in a peripheral controller to 
receive, decode, and perform an EXC instruction. 


1.4.2.2 PROGRAM SENSE 


The program Sense (SEN) instruction is used to test the status of a specific device 
condition, and, if a true condition is detected, execute a program jump. If a false 
condition is detected, the next instruction in sequence is executed. An example of SEN 
instruction usage is a test to determine if a magnetic tape transport is rewinding. 
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Figure 1V-5. External Control Timing 
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Figure !V-6. Typical Peripheral Controller Logic: 
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The SEN instruction format is shown below, where YY contains the device address anc X 
contains the function code which defines the specific condition to be tested. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


------ 1O----- 0 ---ete--  ---X--- 00 -------¥¥-------- 


The SEN instruction causes the function code and device address portions of the 
instruction word to be placed on the E bus. The SEN 1/0 timing is shown in figure IV-7. 
Signal lines EBOO-!| through EBO5-I indicate the device address. EB12-1 is held true to 
indicate that a SEN instruction is in progress. 

Figure IV-8 shows typical implementation of the logic required in a peripheral controller to 
receive, decode, and respond to a SEN instruction. Note that the device address (usually 
ANDed with IUAX-1) can be used directly to enable the sense line response (SERX-1). 

EB12-1 need not be used to enable SERX-I, since the computer samples the SERX-| line 
only when a SEN instruction is executed. | 


1.4.2.3 SINGLE-WORD INPUT TRANSFER 


Five instructions provide a single-word input transfer: 
a. Input to A register (INA)* 
b. Input to B register (INB)” 
c. Input to memory (IME) 
d. Clear and input to A register (CIA) 
e. Clear and input to B register (CIB) 


Inclusive-OR of the data lines and the specified register contents. 
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Figure IV-7. Sense Response Timing 
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Figure IV-8. Typical Peripheral Controller Logic: SEN Instruction 
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The instruction word format for INA, INB, CIA, and CIB is shown below, where YY contains 
the device address and X defines each individual instruction. 


15 14 13 12 #1110 9 8 7 6 5 4 3 2 17 O 


The instruction word format for IME includes a second word that specifies the input data 
word destination. | 


15 14°13 12 #1110 9 8 7 6 92. 3 2 71 =O 


Execution of any one of the five single-word input transfer instructions produces the same 
sequence of operations on the I/O bus. Consequently, in responding to the bus signals, a 
peripheral device controller makes no distinction between the input transfer instructions. 


Execution of an input transfer instruction is a two-phase operation. The first phase selects 
the peripheral device controller that will participate in the second-phase data transfer. 
The transfer timing is shown in figure |V-9. The first phase is initiated by the computer, 
which places the device address on E bus lines EBOO-] through EBO5-!|. EB13-I is held true 
during this phase to indicate that an input transfer instruction is in progress. Since the E 
bus is time-shared, a flip-flop in the peripheral controller for the selected device is set to 
indicate that the controller was selected and that data are to be transferred to the 
computer. This flip-flop, Data Transfer In (DTIX +), is set at the true-to-false transition 
(trailing edge) of FRYX-I (if the controller controls more than one device, an additional 
flip-flop for each device is required to identify the selected device). As the computer 
removes the device address and control code information, the selected controller uses 
DTIX + to enable the input data onto the E bus. The controller must enable data from 
the selected device onto the bus no later than 480 nanoseconds after the trailing edge of 
FRYX-I to strobe the input data. The controller uses the trailing edge of DRYX-I to reset 
DTIX +; thus removing the input data from the E bus. 
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When the computer is transferring 1/© data under program control, the transfers must be 
synchronized with the communicating peripheral controller. This synchronization is 
accomplished by sampling the state of the controller for a ready condition by issuing SEN 
prior to the data transfer instruction. 


Figure IV-10 shows typical implementation of the logic required in a peripheral controller 
to perform an input data transfer. : 


1.4.2.4 SINGLE-WORD OUTPUT TRANSFER 


There are three single-word output instructions: 
a. Output oe A register (OAR) 
b. Output from B register (OBR) 
c. Output from memory (OME) | 


The instruction word format for OAR and OBR is shown below, where YY contains the 
device address and X distinguishes between the two instructions. 


15 14 13 #12 11610 9 8 7 6 5 4 3 2 1 0 
This instruction word format for OME. includes a second word that specifies the output 
data word source location. 


15 14°13 12 #1110 9 8 7 6 5 4 3 2 1 0 
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| 
| 
) DEVICE ADDRESS 


SS | 

E050 T500 

| 

| 

| 1250. Tazo 

| | INPUT DATA 
| 

) To00 T1440 
| 

| 

3 T1200 11440 
S 


i T100 1500 


To 200 400 600 800 1000 1200 1400 1600 


NANOSECONDS FROM Tg 


To is the start of the execute phase of the data transfer in instruction. 


Logic levels: true OV dc, 
false +3V dc. 


Qaq = time when signal is settling. 


* EB(n)-I (input data) must be off by "1600 


WoT 


Figure I1V-9. Data Transfer-In Timing 
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—< DATA BIT 17 
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The sequence of signals placed on the I/O bus ts the same for each of the three output 
instructions, and the participating peripheral controller makes no distinction between the 
output instructions. . 


The execution of an output instruction is a two-phase operation similar to that described 
for an input instruction. The first phase selects the peripheral device which will 
participate in the second-phase data transfer. The transfer timing is shown in figure IV- 
11. The first phase is initiated by the computer, which places the device address on E bus 
lines EBOO-| through EBO5-|. EB14-I1 is held true during this phase to indicate that an 
output transfer instruction is being executed. A flip-flop, Data Transfer Out (DTOX +), in 
the controller for the selected device is set at the trailing edge of FRYX-1 (if the controller 
controls more than one device, an additional flip-flop for each device ts required to 
identify the selected device). Following FRYX-I, the computer removes the device address 
and control code, and places the output data on the E bus lines. DTOX + is used by the 
controller to gate the contents of the E bus into an input buffer at the trailing edge of 
DRYX-I. The trailing edge of DRYX-I is also used to reset DTOX +. 


When the computer is transferring |/O data under program control, the transfers must be 
synchronized with the communicating peripheral controller. This synchronization is 
accomplished by sampling the state of the controller for a ready condition by issuing a 
SEN instruction prior to the data transfer instruction. 


Figure IV-12 shows typical implementation of the logic required in a_ peripheral controller 
to perform an output data transfer. 


1.4.3 Device Address Codes 


Device address codes have been assigned to the standard peripheral devices, as shown in 
table 1V-3. All device address codes are in the range 00 to 77. Each peripheral device 
belongs to a class, according to its function; each class is assigned a block of codes, and 
specific code assignments are given to devices itn that class. 
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DEVICE ADDRESS _ 


EB(n)-I 
7150 1500 
FRYX-I a ia 
T250 1420 
ne - T9590 OUTPUT DATA 
T1100 T1440 
DRYX-I a, 
T1200 11370 

EB14-1 


: Tioo T 500 
| 


, sf oh: whe aie: 
To 2009 400 600 800 1000 1200 1400 1600 


eens es 


NANOSECONDS FROM To 
Tp is the start of the execute phase of the data transfer out instruction. 


Logic levels: true = OVddc, 
false = +3V dc. 


= time when signal is settling. 


i/, 


VTII-1382 
Figure IV-11. Data Transfer-Out Timing 
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EBOO -] THRU DTIX- 
EB17-] eens 
ERYX-I EBOO + to EBO5 DEVICE ADDRESS- IUAX 
‘ LINE ADDRESS e OD 
DRYX-I RECEIVERS DECODER 
IUAX-] e 
DRYX+ 
DTIX- e 
C) : OO 
DTOX- FRYX+ O 
+5 VDC 
SERX - + LINE DRIVERS 
10 OUTPUT READY (INPUT FROM USER) 
lo —__ 
BUS DEVICE ADDRESS- IUAX 


(FROM ADDRESS DECODER) 


DATA OUT (TO 
USER'S DEVICE) 
| 

DIOX + DATA PRESENT TO USER 


EBOO + 


EBO]+ 


EBI7 + 
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OPERATION > 


CONTROL 


LINE 


EBOO-| 


FBO1-i 


EBO2-I 


EBO3-I 


EB04-| 


EBOS-| 


EBO6-| 


EBO7-I 


EBO8-I 


EBO9-i 


EB10-1 


Pa 


Table IV-1. E Bus and 1/0 Contro! Signals 


External 
Control 


FRY X-I* 
(Phase 1) 


Device 
address 


Function 
code 


Not 
used 


Data Transfer Trap Sequence 


Sense (Single-word 1/0) (BIC Control) 
TPOX-! or TPIX-I 

FRYX-I* 1UAX-I IUAX-1 

SERX-|* FRYX-I* DRYX-I FRYX-I DRYX-| 


(Phase 1) (Phase 1) (Phase 2) (Phase 1) (Phase 2) 


Device Device 
address address 
Data Address Data 

Function 
code 

Not 

used 
Not 
used 


Interrupt 
Sequence 


IURX-1 
IUAX-I 
(Phase 1) 


Pairs of 
Signals 
used for - 
specific 
interrupts 
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OPERATION > 


CONTROL | 
LINE > 
EB11-1 
EB12-1 
EB13-1 


EB14-1 


EB15-1 


* |UAX interlock; used in address decoding. 


External 


Control Sense 


FRYX-I* 
(Phase 1) 


External 
control 
command 


Zeros 


See 
note 3 


NOTES: 


FRYX-I* 
SERX-I* 
(Phase 1) 


Zero 


Sense 
command 


Zeros 


wn 


Table 1V-1. E Bus and 1/O Control Signals (continued) 


Trap Sequence 
(BIC Control) 
TPOX-! or TPIX-l 


Data Transfer 
(Single-word 1/0) 


IUAX-I IUAX-I 
FRYX-I* DRYX-I FRYX-I DRYX-I 
(Phase 1) (Phase 2) (Phase 1) (Phase 2) 
Zeros 
Data Data Address Data 
in 
Data 
out 
Zero 


Phase 1 is device or memory selection. 
Phase 2 is the data transmission. 
For extended external control, control and data lines 


are the same as external control except EB11-I is zero 
and EB15-l is one. 


interrupt 
Sequence 


IURX-I 
IUAX-I 
(Phase 1) 


Pairs of 
signals 
used for 
specific 


interrupts . 
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Signal 
EB15-1 
EB14-| 
—B13-1 
EB12.-| 
EB11-1 
EB10-] 
EBO9-| 
EBO8-| 


EBO7-| 


EBO6-| 


EBO5-| 
EBO1-] 


to 


EXC SEN 
0 0 


0: 0 


Unused. 


Function 
code 


Function 
code 


IME 


0 


0 


] 


0 


1AR_ IBR 

0 0 

0 0. 

1 1 

0 0 

0 0 
Unused 

% xe 

0 1 

1 0 


Table IV-2. E Bus Signals 


OME OAR OBR 


0 


1 


Device Address 


(00-63) 


0 


1 


0 


1 


Unused 


] 


EXC2 


Function 
code 


Function 
code 


* If EBO8-I is true, the selected register in the computer is cleared before input. If EBO8-| 
is false, the selected register is not cleared. The result after input is the logical-OR of the 


original register and the input signals. 


NOTE 


Bits EB06-! through EBO8-! are ignored by the !/O controller during 


data transfers. 
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Octal 
Class 
Codes 


00-07 


10-17 


20-27 


30-37 


40-47 
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Table 1V-3. Standard Device Address Codes 


Assigned 
Octal 
Addresses 


01-07 


10-13 
14 


15 
16, 17 


20, 21 
22, 23 
24, 25 
26, 27 


30 
31 
32 
33 
34 
35,36 
37 


40-43, 46 
44 
45 
47 


Peripheral or Internal Options 
Teletype controller (620-06 through -08) 


Magnetic tape controller (620-30, -31) 
Fixed-head rotating memory (620-38, -42 
through -49 


Movable-head rotating memory (620-40, -41)  . 
Movable-head rotating memory (620-39) (620-37) 


First buffer interlace controller (620-20) 
Second buffer interlace controller 

Third buffer interlace controller 

Fourth buffer interlace controller 


- Card reader (620-25) 


Card punch (620-27) 

Digital plotter (620-72) 

Electrostatic plotter 

Second paper tape system 

Line printer (620-77) 

First paper tape system (620-50 through 55) 


Priority interrupt module (620-16) 

All PIM enable/disable 

Memory protection (620-05) (620/L-05) 
Real-time clock (620-13) (620/i 1-13) 
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Table 1V-3. Standard Device Address Codes (continued) 


Octal Assigned 
Class Octal 
Codes Addresses Peripheral or Internal Options 
50-57 50-53 Special application 
54-57 Analog system (620-850/870) 
60-67 60-67 Digital 1/O (620-81), Buffered !/O (620-80) 
70-77 70-73 Communications controller (620-60, -61, -65, 
-66, -68) 
74-77 Relay 1/0 (620-83) 
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SECTION 2 
THEORY OF OPERATION 


2.1 GENERAL 


The theory of operation for the CPU is divided into the following sections: timing and 
control logic, decoding logic, arithmetic and logical section, registers, memory interface, 
and typical operating sequences. Logic diagrams of the CPU circuit cards should be 
referred to during the theory of operation; the document numbers for the logic diagrams 
are: 


Part Number Logic Diagram 
44P0592 91D0356 
44P0508 91D0359 
44P0596 91D0360 
44P0597 91D0361 
44P0593 91D0357 

2.2 TIMING AND CONTROL 


All operations performed by the CPU are controlled by the timing logic generated in the 
timing and control section. Basic timing signals are derived from a master clock circuit 
located on processor control card 4 (44P0593). The master clock is generated by a crystal- 
controlled oscillator operating at a frequency of 4.211 MHz which is counted down and 
passed through a pulse-width-adjustable one-shot to produce a continuous train of pulses 
typically 56 nanoseconds wide and spaced 450 nanoseconds apart. This output(MCLX + ) 
generates the various clock signals shown in figure IV-13. 


The CPU has a basic machine cycle of 950 nanoseconds. A full memory cycle (read/ 
restore or clear/write) is performed within this period, except for special cases described 
in subsequent sections. All operations performed by the computer are accomplished in 
some multiple of the master clock timing cycle. During execution of various instructions, 
up to four suboperations can be performed during the basic machine cycle of 950 
nanoseconds. 
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Functions performed by the CPU are divided into two basic phases: 


a. Execute phase, the operation upon words read from memory or the storing of 
words into memory. 


b. Address phase, the transfer of instructions or operand addresses into memory. 


These phases are related to the basic clocks as described in table IV-4. Timing of the 
basic clocks and the two basic phases can be determined by referring to figure IV-13. 


Signal 


Master Clock 
(MCLX + ) 


Phase Clock 
(PHCX + ) 


Execute Phase 
(EPHX + ) 


Address Phase 
(EPHX -) 


Clock. 1° 
(CLIX +) 


Table IV-4. Timing Signals 
Description 


Basic 4.211-MHz crystal-controlled timing signal 
for the entire system. 


2.105-MHz timing signal derived from, and in phase 
with, the master clock. This clock is used to 
time the address and execute phases. 


Timing signal synchronous with the read or clear 
half cycle of memory. This signal is used to 
time all transfers of data to and from memory, 
and the execution of instructions. 


Timing signal synchronous with the restore or 
write half cycle of memory. This signal is used 
to time all transfers of instruction and operand 
addresses to memory. 


Timing signal used to initiate a memory cycle 


and all operations synchronous with the start 
of a memory cycle. 
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Table IV-4. Timing Signals (continued) 


Signal Description 
Clock 2 Timing signal used to initiate all operations 
(CL2X + ) synchronous with the start of a memory write 


or restore half cycle. 


2.2.1 Sequence Control 


The basic clocks generated from the master clock are used to time three operating 
sequences: instruction cycle, address cycle, and operand cycle. All operations performed 
by the computer are timed by one or more of these sequences. 


2.2.1.1 INSTRUCTION CYCLE (ICYX +) 


During this cycle, the next instruction to be executed is read from memory and 
transferred to the instruction register (U register) in the control section. The instruction 
cycle period is equal to a complete memory cycle (950 nanoseconds) and consists of two 
phases: instruction execute (IEPX +) and instruction address (IAPX +). These phases 
are synchronous with the execute and basic address phases (EPHX+ and EPHX-), 
respectively. During the first half of the instruction cycle, the execute phase, which is an 
operation specified by a previous instruction word, is performed (e.g., add, load operation 
register, etc.). although this phase is normally 475 nanoseconds, it may be extended bya 
clock modifier. Such phase timing mcdification is explained in section 2.2.2. 


2.2.1.2 ADDRESS CYCLE (ACYX +) 


The 950-nanosecond. address cycle is; synchronous with the basic memory cycle. When a 
single-word instruction indirectly addresses an operand, the instruction specifies the 
location of an address word in the memory. The same is true for double-word instructions 
where the second word is an address (e.g., jump instructions). This address word can. 
contain the location of the operand, cr another indirect address. 


During the first half of the address cycle, the address word is read from memory and 
transferred to the R register. During the second half, bit 15 is examined to determine 
whether the next word accessed will be another indirect address or an operand. Several 
address cycles can be performed between instruction and operand cycles. 
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During the instruction address phase, the location of a word in memory (if specified by the 
current instruction in the U register) is generated and transferred to the memory L 
register. Generation of the address can involve modification of a basic address contained 
in the instruction (e.g., indexing, relative addressing, etc.). 


2.2.1.3 OPERAND CYCLE (OCYX +) 


This 950-nanosecond cycle follows the instruction cycle, unless the final operand is 
indirectly addressed, in which case, the operand cycle follows the address cycle. After the 
previous two cycles have determined that the data referenced in the current instruction is 
an operand and not an indirect address, the operand is either read from memory and 
stored in the R register or is transferred from the computer to the W register and stored 
in the memory. 


2.2.2 Clock Modifiers 


The execute or address phase can be modified by certain program instructions or by 
signals received from devices external to the computer. The conditions under which the 
clocks are modified are: 


a. Shift. During shifting operations with words contained in the A or B register, 
EPHX+ is extended by the number of master clock periods (237.5 
nanoseconds) equal to the specified number of shifts. 


b. Interrupt. When an external interrupt is received, EPHX- is extended 475 
nanoseconds to accommodate delays in receiving the interrupt address from 
the external device. 


c. Trap. When a buffer interlace controller (BIC) requests a transfer to or from 
memory, EPHX- is extended 1.66 microseconds to permit the execution of the 
full trap sequence (routing of address and data from the external device). 


d. Halt. On a halt instruction, clocks CL1X+ and CL2X+ are inhibited, 


preventing further computer operations until the STEP or RUN switch is 
pressed. 
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Modification of the execute phase of an instruction is illustrated in figure IV-14 This 
modified sequence is typical of a shift instruction. At time TO, the instruction is accessed 
from memory. starting at time 7950, the instruction is executed; however, the normal 
237.5-nanosecond execute phase is extended 237.5 nanoseconds for each shift (four, in 
this illustration). Note that clocks CL1X + and CL2X + are inhibited during the extended 
execution period. In a similar manner. the address phase is extended when required by 
the conditions defined above. 


2.3 DECODING LOGIC 


Words stored in the U register must be decoded to determine program processing 
requirements. This decoding procedure is accomplished on processor control cards 2 and 
3 (44P0596 and 44P0597). Outputs are used to enable arithmetic and logical operations, 
memory access, and |/O circuits according to results of the decoding operation. 

The 16 bits of an instruction word are divided into three fields: op code field (bits 12- 


15), M field (bits 09-11), and A field (bits 00-08). Each of these fields contains 
information which directs the various computer processes. 


2.3.1 Op Code Field Decoding 


Information contained in the op code field is decoded in three functional 
categories: class, set, and group. 


Class decoding separates instructions into the following classes: 
a. Single-word: addressing instructions 
‘b. 1/0 instructions 


c. Other (includes single-word nonaddressing and double-word) 


IV 34 


GE-Al 


@QuENbas 40/9 PeJ!POW Y 40 aidwexy ‘yT-Al eundiy 


W8EO-TILA 


MEMORY 
CY CLE 


MCLX+ 


PHCX+ 


CLE! 


CLI X- 


CL2X+ 


EPHX+ 


EPHX- 


RESTORE] READ RESTORE ! READ RESTORE | READ | RESTORE 
| {EXT ) : ‘ : : 
(WRITE) | (CLEAR) ' (write) ' (CLEAR) EXTENDED) == Wweitey | (Crear) | (write) 


tile Slee Wap = cele a a eo 


| | 
| 
' SHIFT OPERATION ! 


| | 
| EXTENDED EXECUTE PHASE | 
oe 


ae ee ee a 


| | | | | | | | 


475 950 1425 1900 2375 2850 3325 3800 4275 
To TIME IN 
NANOSECONDS 


LINN SNISSSDOUd IWYLNID 


Al daldVH9 


CHAPTER IV 
CENTRAL PROCESSING UNIT 


Table IV-5 lists the op codes, signal names derived by decoding these codes, and class 
descriptions. 


Table {V-5. Op Code Classes 


Code (Bits 12-15) Signal Name Description 
01-07 K1XX + All single-word addressing in- 
structions 
00 K2XX + Single-word nonaddressing and 


double-word instructions. 
10 K3XX + All 1/O instructions. 


Set decoding divides the single-word addressing instructions into subcategories: load, 
store, and arithmetic and logic. Table |V-6 lists these sets, the signal name derived from 
decoding, and set descriptions. 


Table IV-6. Op Code Sets 


Code (Bits 12-15) Signal Name Description 


\ 
00-03 H1XX + Instruction cycle execute phase 
of all load instructions. 


04-07 H2XK+ — Operand cycle execute phase of all 
store instructions and INR. 


11-15 H3XX + Instruction cycle execute phase of 


16-17 H4XX + all arithmetic and logic instruc- 
tions (except INR). 
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Group decoding is Structured to gate various computer operations according to the desired 
function. Table IV-7 lists these groups, signal names derived from decoding, and 
instruction types. One of these groups is true for all single-word addressing instructions. 


Table II-7. Op Code Groups 


Code (Bits 12-15) Signal Name Instruction Type 
01, 05, 11, 15 G1XX + LDA, STA, ORA, ANA 
02, 06, 12, 16 G2XX + LDB, STB, ADD, MUL(*) 
03, 07, 13, 17 G3XX + LDX, STX, ERA, DIV(*) 
04, 14 G4XX + INR, SUB 

2.3.2 M Field Decoding 


The M field (bits 09-11) of the instruction word is decoded to determine the addressing 
mode for class K1 (single-word addressing instructions) and the instruction type for all 
other instructions. Note that class K3 contains all I/O instructions and the M ‘eld 
specifies a subtype. Address modes or instructions determined by decoding the M field 
are listed in table IV-8, arranged by op code class. 


Table 1V-8. M Field Decoding 


Class M Field Code Signal Name Address Mode or Instruction Type 
Kl (KIXX +) 0-3 ACOX + to Direct address 
AC3X + 
4 AC4X + Relative Address 
5 AC5X + Index X 
6 AC6X + Index B 
7 AC7X + Indirect address 
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Table IV-8. M Field Decoding (continued) 


Class M Field Code Signal Name Address Mode or Instruction Type 
K2 (K2XX +) 0 ACOX + Control (HLT only) 
1 ACIX + Jump 
2 AC2X + Jump and mark 
3 AC3X + Execute 
4 AC4X + Shift 
5 AC5X + Register change 
6 AC6X + Immediate or extended (optional) 
7 AC7X + Set or reset overflow 
K3 (K3XX + ) 0 ACOX + External control 
1 AC1X + Sense . 
; 2 AC2X + Data input 
3 AC3X + Data output 
4 AC4X + Auxiliary external control 


2.3.3 A Field Decoding 


For single-word addressing instructions, the A field is decoded to provide: 
a. An effective address, or 


b. A number, which when cornbined with the contents of the B, X, or P register, 
provides an effective address. " 


For single-word nonaddressing instructions, the A field specifies additional details for the 
instruction type determined by the M field. See tables 2, 3, and 4 in appendix G for types 
of additional instructions determined by the A field. 


For double-word addressing instructions, the A field determines conditions to be met if 


the instruction is to be executed. Tables 5, 6, 7, and 8 in appendix G list the A field 
content for these conditions. 
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For extended addressing optional double-word instructions, bits 0-2 of the A field 
determine the address mode. Octal codes for this bit group are the same as the M field for 
single-word addressing instructions. Bits 3 through 8 contain the same octal codes 
specified in table IV-7 for op code groups for single-word addressing instructions. Note 
that for this set of codes, the most significant digit is never greater than one: 
consequently, bits 7 and 8 are always zero. 


Double-word nonaddressing instructions are the immediate type and are identical! with 
the extended addressing optional instructions described above, except that bits 0-2 
always contain zero. The A field is used in |/O instructions to specify the logical unit 
number (bits 6-8) and device address (bits 0-5). See table 9 in appendix G for details of 
this assignment. 


2.4 ARITHMETIC AND LOGICAL SECTION 


The arithmetic and logical section consists of the R register, R register gates, arithmetic 
bus (A bus), adder, logic gates, and S register. Physically, all of these circuits except the S 
register are located on the three register cards (44P0592), six bits per card. The S or 
shift register is located on processor control card 4 (44P0593). 


The R register receives operands or addresses from memory via the W register and holds 
these words during execution of an arithmetic or logical instruction. The R register gates 
enable either the set or reset output of the R register or the output of the U register onto 
the G bus, depending on whether an operand (or address) stored in the R register or the 
A field of the instruction word stored in the U register is to be used. The G bus provides 
this data to the adder in the case of arithmetic operations, or through a set of logic gates 

to the C bus, depending on the operation in progress. An additional input to the adder is 
from the S bus carrying data from the operation registers. The adder can provide the 
logical product of the contents of the R register and one of the operation registers, if 

required by the program instruction being executed. S register outputs are provided to the 
logic gates, allowing shifting of the data either right or left as specified. 
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The A bus is an intermediate bus used for arithmetic output to the C bus or for external 
data input to the logic gates and operation registers. It also provides an alternate path for 
transferring memory words to the C bus. Outputs from the adder and from the logic gates 
are provided to the C bus. 


2.5 REGISTERS 


The CPU contains nine registers. Each register bears a letter reference designation to 
facilitate identification: U,R, A, B, X, P, S, L, and W. 


2.0.4 U Register 


The U register is the;instruction register in the control section of the CPU. It is a full-word 
register, 16 bits long, and is physically located on circuit card 44P0592. (44P0592 
contains six bits each of al! registers except the S and L register. The three cards are 
interchangeable.) The U register is clocked by SETU+ from pin 31 of circuit card 
44P0597, which occurs at the leading edge of IEPX +. The bits of the U register are set or 
reset by the corresponding output bits from the W register. 


This register receives each instruction from memory through the W_ bus and holds the 
instruction during its execution. The control fields of the instruction word are routed to the 
decoding and_ timing logic where the codes determine the required timing and control 
signals. The address field from the LU! register, used for various addressing operations, is 
routed to the arithmetic/logic section of the CPU. 


2.5.1.1 TRANSFER FROM MEMORY TO U REGISTER 


During the instruction cycle, the instruction word located by the address in the L register 
is read out to the W register and transferred to the U register through the W bus. 
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2.5.1.2 TRANSFER FROM THE U REGISTER TO MEMORY 


For many instructions requiring an operand, the address of the operand is contained in 
the instruction word held in the U register. This operand address is transferred to the L 
register through gates in the arithmetic/logic section and the C bus. The address from 
the U register can be modified during transfer to the L register as follows: 


a. Direct address. No modification; bits 0-10 are transferred from the U register 
(SLU1 and SLU2 true) to the L register directly; addresses the operand in the 
first 2,048 memory addresses. 


b. Relative address. The effective operand address transferred to the L register is 
formed by adding bits 0-8 (SLU1 true) from the U register to the contents of the 
P register. Addition is performed by selecting the contents of the P and U 
registers and bringing them into arithmetic logic. This permits addressing any 
word up to 512 addresses ahead of the current program address. 


c. Index address. The effective operand address transferred to the L register is 
formed by adding bits 0-8 from the U register (SLU1 true) to the contents of 
either the X or the B register. 


d. Indirect address. Same transfer as direct address except the word read from 
memory will be the address of an operand instead of the operand. 


2.5.2 R Register 


The R register is the operand register in the arithmetic/logic section of the CPU. It is a 
full-word register, 16 bits long, and is located on circuit card 44P0592. The R register is 
clocked by SETR+ (pin 2 of circuit card 44P0597) at clock 2 (CL2X +) time. The bits of 
the R register are set or reset by the corresponding outputs from the W register. 


The R register receives data words read from memory through the W_ bus and holds these 
words during execution of an arithmetic or logical instruction. 
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Operands are stored in the R register while an arithmetic or logical operation is being 
‘performed. For indirect addressing and for instructions with an operand address stored 
in the memory address following the instruction word, the operand address is read from 
memory into the W register and then transferred to the R register. The operand address 
is then routed to the L register through gates in the arithmetic/logic section and the C 
bus. |/O transfers bypass the R register. This allows momentary halting of the multiply 
and divide operations while the I/O transfer proceeds, without disturbing the multiplier 
held in the R register. 


2.5.3 A Register 


The A or accumulator register is one of the four operation registers. For multiplication 
operations, it forms the high-order half of the accumulator. It is a full-word register, 16 
bits long, and is located on circuit card 44P0592. 


The A register is clocked by SETA+ (pin 56 of card 44P0597) which occurs during 
program data in, load A register, shift, and certain register change instructions, and 
during the instruction cycle execute phase of all arithmetic and logical instructions. The 
bits of the A register are set or reset by the corresponding bits of the input words from 
the E, A, and C buses. 


The register accumulates the results of logical and addition/subtraction operations, the 
most significant half of the double-length product in multiplication, and the remainder in 
division. It can also be used for I/O transfers under program control. 


Input words can be transferred directly to the A register through the E, A, and C buses. 
These transfers are always controlled by an instruction. Output words can be transferred 
from the A register to the 1/O cable through the S, A, and C buses. These transfers are 
controlled by an instruction which selects the A register onto the S bus. 
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t 
2.5.4 8B Register 


The B register is the low-order half of the accumulator. It is one of the four operation 
registers. It is a full-word register, 16 bits long, and is located on circuit card 44P0592. 
The B register is clocked by SETB+ (pin 38 of card 44P0597) which occurs during 
program data in, load B register, shift, and certain register change instructions. The bits 
of the B register are set or reset by the corresponding bits of the input words from the A 
and C buses. 


This register accumulates the least significant half of the double-length product in 
multiplication and the quotient in division. It can also be used for !/O transfers under 
program control and as a second hardware index register. 


Information transfer to and from the B register is accomplished in the same way as 
described for the A register. . 


2.5.5 X Register 


The X or index register is one of the four operation registers. It is a full-word register, 16 
bits long, and is located on circuit card 44P0592. The X register is clocked by SETX + 
(pin 11 of 44P0597) which occurs during load X register and certain register change 
instructions. The bits of the X register are set or reset by the corresponding bits of the 
input words from the A and C buses. 


This register permits indexing operand addresses without adding time to the execution of 
indexed instructions by holding the value which modifies a base address contained in an 
instruction. 


2.5.6 P Register : 


The operation P register is the program instruction counter. It is a full-word register, 16 
bits long, and is located on circuit card 44P0592. The P register is clocked by SETP + 
(pin 12 of card 44P0597) which occurs during the instruction cycle execute phase of I/O, 
execute jump immediate, single-word nonaddressing, and double-word _ instructions. 
SETP+ also occurs during mark and fetch instructions and execute jump or sense 
conditions. The bits of the P register are set or reset by the corresponding bits of the 
input words from the E, A, and C buses. 
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This register holds the address of the: current instruction +1 and is incremented before 
each new instruction is fetched. The P register contents can be modified directly by a 
word received from the memory during a jump instruction. 


Before the next instruction cycle begins, the address of the next instruction is transferred 
from the P register to the L register. The contents of the P register are transferred 
through the S bus to arithmetic/logic. Arithmetic/logic increments the address with the 
arithmetic gates and transfers the incremented count to the C bus. The incremented 
count is then restored to the P register and to the L register. At this time, the L register 
contains the address of the next instruction word to be fetched from memory and the P 
register holds the updated address. / 


2.5.7 S Register 


The S register is the shift counter in the arithmetic/logic section of the central processor. 
It is a five-bit register and is physically located on card 44P0593. The S register is reset 
by reset shift register (RSHX +) froni pin 29 on circuit board module 44P0596. The S 
register is set by shift control pulses derived from the U register. 


This register controls the length of shi‘t instructions in combination with the U register. 


2.5.8 L Register 


The L register is the memory word location register in the memory section of the CPU. It 
is a full-word register, 16 bits long, and is located on circuit card 44P0595. The L register 
is clocked by SETL+ (pin 29 of card 44P0593) which occurs on every clock 1 (CLIX +) 
except during increment memory ard replace. The L register is set by the CB00+ 
through CB15 + bits from the C bus. 


This register contains the address of ihe word to be accessed in memory during either a 
clear/write or read/restore cycle. 
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Input data from the E bus can be routed directly to memory through the A, C, and W 
buses. Data transfer must be preceded by an address transfer instruction to load the 
memory address into the L register. When the transfer is under the control of an 
instruction, the memory address will be generated as a normal operand address. Output 
words can be transferred directly from memory to the I/O cable through the A, C, and W 
buses, but a storage address must first be transferred to the L register by an address 
tranfer instruction or from the peripheral device. 


2.5.9 W Register 


The W register is a word register which holds data words for transmission to memory and 
stores data words transmitted to the CPU from the memory. It is a full-word register, 16 
bits long, and is located on card 44P0592. The W register is clocked by SETW + (pin 26 
of catd 44P0593) which occurs during the operand cycle execute phase of all store-type 
instructions and during the operand cycle of a program data in instruction. The bits of 
the W register are set or reset by the corresponding bits of the C bus. They are also 
collector-set independent of the SETW+ clock by the true bits from memory on the W 
bus during a memory read/restore cycle. 


2.5.10 Register Change Instructions 


The contents of an operation register may replace or modify the contents of that or 
another register. The process of incrementing and restoring the contents of the P register 
has been described in section 2.5.6. The contents of the A, B, and X registers may be 
transferred, incremented, complemehted, decremented, or shifted. All these operations 
invoive selecting the register onto the S bus, processing in the arithmetic/logic section, 
and transferring the new data through the C bus to the proper registers. Shifting is also 
performed in this transfer path. The contents of the selected register are shifted left or 
right as they are gated from the control and arithmetic logic to the A bus. Note that this 
transfer path is involved in all register change instructions. The register change 
instruction format is shown in figure IV-15. 


The op code field equals 00 and M field equals 5 for this type of instruction. The A field 
enables the register change operation to be microprogrammed by arbitrary selection of 
source, destination, and type of transfer. The types of transfer, designated by the control 
function in bits 6-8, are summarized in table IV-9. 


The normal operation involves designating one source and one or more destinations (note 
that if no source is designated, the selected destinations will be cleared). If more than 
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one source’ is designated, the result will involve the logicalOR of the sources; 
complementing will produce the NOR of the selected sources. This microprogrammed 
register change type of instruction provides 64 combinations of sources and destinations, 
each of which can occur in eight different ways. Thus, a total of 512 different register 
change operations may be executed. 
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Table 1V-9. Transfer Control Function Codes 


Bit. 8 7 6 Control Function 
0 Oo 860 Transfer source, unconditional 
0 0 1 Increment source and transfer, unconitional 
0 1 0 Complement source and transfer, unconditional 
0 1 1 Decrement source and transfer, unconditional 
1 0 0 Transfer source, if overflow is set 
1 0 1 Increment source and transfer, if overflow 
is set 
1 1 0 Complement cures and transfer, if overflow 
is set 
1 1 1 Decrement source and transfer, if overflow 
is set 
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OP CODE 
FIELD 


A FIELD 


Control X B A X B A 


Function 


Source Destination 


VTI1-0520 
Figure I1V-15. Register Change Instruction Format 


2.6 MEMORY INTERFACE 


The memory section consists of one to eight 4,096-word memory increments. Each 
memory increment has the following characteristics: 


a. Full-cycle time of 950 nanoseconds. 
b. Half-cycle time of 500 nanoseconds. 


c. Access time of 425 nanoseconds. 
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d. Random access 
e. Magnetic core, with four-wire, 3-D memory 


Normal operation is full-cycle, either read/restore or clear/write. Half-cycle is used only in 
write operations and is required only for trap-in functions (refer to chapter V1). 


The memory blocks share the L and W registers; only one memory increment at a time is 
cycled. The memory increments connect to the L and W buses and to four memory 
control lines. Each memory increment has a unique start pulse, allowing the CPU to select 
the memory increment to be cycled. 


2.6.1 Memory Address 


The memory is addressed through the 15-line L bus (high level = true). L-bus bits 0 
through 11 are used to directly address up to 4,096 words in a memory increment. L-bus 
bit 12 is used to select the lower or upper 4K stack of an 8K memory increment. L-bus 
bits 13 and 14 are transferred to the memory control logic on card 44P0593 where they 
are decoded to determine which 8K memory increment is to be selected. 


2.6.2 Control and Data Lines 


In addition to the memory stack select pulse, three other control lines are used in the 
memory. These are the read-restore/clear-write, the full/half cycle, and the data guard 
control lines. 


The read-restore/clear-write control line enables the performance of selected operating 
functions of the memory. 


The full/half cycle control line enables selected cycling of the operating sequence to be 
performed. 


The data guard control line inhibits memory drive current, preventing the memory core 
stack from being disturbed. 


Word transfer to and from the memory is accomplished through the W bus, a 16-line 
(ground = true) bus. 
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2.7 TYPICAL OPERATING SEQUENCES 


An understanding of the operating sequences will enable the technician to quickly 
understand the timing and waveforrns of each instruction sequence. These operating 
sequences can vary, depending on the particular instruction being executed. 


The three typical operating sequences are: 
a. Access operand in memory 
b. Store operand in memory 


c. Indirect operand access 


2.7.1 Access Operand in Memory 


The access operand in memory is the simplest and most basic operating sequence. In this 
sequence, a single-word directly addressed operand is read from memory. This operating 
sequence is used for load, logic, and arithmetic (except multiply and divide) instructions. 
The timing of the suboperations of this sequence is illustrated in figure IV-16. 


' At time O (in microseconds), the instruction cycle (ICYX+) for the nth instruction is 
initiated. The n - 1 instruction is executed (IEPX +) while the current instruction (n) is 
read from the memory. at time 475, the n instruction is transferred to the U register. The 
instruction address phase (IAPX +) cccurs while the n instruction is being restored in 
memory. The operand address is generated during |APX +. 


The operand cycle (OCYX + ) is initiated at time 950. After the operand has been read 
from memory and stored in the R register, the address of the next instruction (n + 1) is 
generated (normally ‘by adding 1 to the P register) and transferred to the memory L 
register. This suboperation is performed while the operand is being restored in memory. 
ICYX + forn + 1 is then initiated at time 1900. 


The operation to be performed upon the operand now contained in the R register occurs 
during the IEPX+ part of the ICYX+ for n + 1. This operand operation could be an 
ADD instruction, such as adding the operand value to the A register and storing the result 
in the A register, or simply a transfer of the operand to one of the operation registers 
(LDA, LDB, or LDX). | 
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2.7.2 Store Operand in Memory 


The store operand in memory (STA, STB, or STX) sequence is essentially identical to that 
for accessing an operand except the addressed memory cell is cleared and the operand is 
written into it. The timing of the suboperations of this sequence is illustrated in figure IV- 
17. 


The nth instruction is accessed and the operand address generated during ICYX+ as 
before; execution of the n - 1 instruction occurs during IEPX+ of the nth cycle as 
indicated. However, during OCYX+, the operand is transferred to memory while the 
referenced cell is being cleared. During the last half of the cycle, the operand is stored 
into the cell just cleared. During this time, the address for the next instruction is 
generated. Note that there is no execution, as such, for this type of instruction (indicated 
by dashed lines in figure |V-17) because the execution has already been accomplished, in 
effect, by the transfer and storage of the operand in memory. 


2.7.3 Indirect Operand Access 


The indirect operand access operating sequence involves indirectly accessing an operand 
in memory by a single-word instruction. In this case, an address cycle (ACYX +) is 
required to read the indirect address word from memory before OCYX + can be initiated. 
The timing of the suboperations of this sequence is illustrated in figure IV-18. 


During ICYX +, the nth instruction is read from memory and stored in the U register as 
before. The previous instruction, n - 1, is executed during IEPX+. During IAPX+, the 
location of the indirect address word is generated. This address word is read from 
memory and stored in the R register as indicated in the timing diagram. For the case 
illustrated, the accessed address word contains the address of the operand (otherwise, 
another address cycle would be initiated to access a second address word, and so on). The 
operand address is transferred to the memory L register during the last half of ACYX + to 
locate the operand read out during the succeeding OCYX + . 


The generation of the address for instruction n + 1 and the execution of the instruction 
are then performed as in the case for the simple operand access previously described. 


2.8 AUTOMATIC MEMORY ENABLE/DISABLE CIRCUIT 


The automatic memory enable/disable (AMED) circuit is contained on the card 44P0237. 
Its function is to protect the contents of the computer memory during power turn on and 
turn off (before initiating power off, place computer in step mode). 


When power is turned on, the SEN + & signal is supplied to the AMED circuit (refer to 
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logic diagram 95C0235). After a short delay time caused by the charging of capacitor C, 
pin 8 of ICi goes to a low logic level. This energizes relay K1 which causes TCRX-, DAGS., 
and SYRT- to go high. - 


When power is turned off, the SEN +5 signal is removed from the AMED circuit. After a 


short delay time caused by the discharge of Cl, pin 8 of IC1 goes to a high logic level. This 
de-energizes relay K1 which causes TCRX-, DAGS-, and SYRT- to go low. 
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SECTION 3 
MAINTENANCE 


3.1 GENERAL 


The time required to correct system rnalfunctions will depend upon the efficiency of the 
procedures used. Although various specified techniques may be applied, there is no real 
substitute for logical analysis of the problem and isolation of the cause to the level of the 
replaceable component. Such an analysis can be based only upon knowledge of the 
equipment design. 


Maintenance information for peripheral devices in the computer system is contained in 
the manufacturer's instruction manua!s supplied with the equipment. 


Integrated circuit (IC) design reduces the occurrence of computer malfunctions. The 
power failure/restart (PF/R) option provides an orderly shutdown in case of power failure 
or turn-off and restarts the program when power is restored. To prevent accidental setting 
cf contro! panel controls during computer operation, all switches can be disabled with 
the power switch. 
To ensure effective maintenance of the computer: 

a. Study the documentation furnished with equipment. 

b. Assess system performance with adequate test equipment. 


c. Implement the available maintenance aids. 


d. Apply orderly and logical troubleshooting techniques. 


3.2 TEST EQUIPMENT 


Table IV-10 lists the test equipment and tools required to maintain the CPU. These items 
also satisfy all maintenance requiremerits for the peripheral device controllers. 
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Table !1V-10. Required Test Equipment 


Equipment Description 


Oscilloscope Tektronix, type 547 (or equivalent) with 
dual-trace plug in unit 


Multimeter Simpson, 260 or equivalent 

Card extended VDM, card 44P0540 

Card puller Titchener, 1731 

Wire-wrap gun Gardener-Denver, 14R2 or equivalent 
Soldering iron 39-watt pencil type 

Wire stripper Thermo-strip type 

Assorted hand Screwdrivers, spin-tight wrenches, long-nosed 
tools pliers, etc. 

3.3 TEST PROGRAMS 


The MAINTAIN II test program system verifies correct system operation, including 
internal instructions, memory, internal options, and peripherals and their controllers. 
Malfunctions can be isolated to a specific area of the system and corrected. 


MAINTAIN II is described in detail in the 620 test programs manual (document number 
98 A 9952 060). Table IV-11 lists the Maintain I] test programs. 


3.4 TROUBLESHOOTING USING CONTROL PANEL 


This section provides troubleshooting procedures for using the control panel to locate the 
basic problem area. 
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Table 1V-11. Maintain Il Test Programs 


Program . Part Number 
Test executive 91A0107-001 
Instructions Test 92A0107-002 
Memory test ; 92A0107-004 
Teletype test 92A0107-005 
Power failure/restart test 92A0107-008 
Priority interrupt module test 92A0107-009 
Memory protection test 92A0105-002 
Real-time clock test 92A0105-001 
Buffered |/O test 92A0107-010 


a. Using the REGISTER and register entry switches on the control panel, set ones 
into all bit positions of the A, B, X, P, and U registers; then reset the registers 
to display zeros in all bit positions by pressing the BIT RESET switch. This 
operation checks the basic set and reset functions for all register flip-flop 
circuits in the CPU, but dees not check gating into these registers from the 
internal buses. 


b. Load all ones into the A register. Store the contents of the A register into 
memory address 0 by entering STA (050000) into the U register and pressing 
STEP. Clear the U register. Place the contents of memory address 0 back into 
the A register by entering |.DA (010000) in the U register and pressing STEP. 
Display the contents of the A register. The A register contents should reflect the 
configuration that was loaded originally. These operations check communica- 
tion between the A register and memory. 


c. Set the U register to increment the A register and place the CPU in the repeat 
mode by pressing REPEAT. Then: 


(1) Set the A register to all ones except the least significant bit. Press the 


STEP switch twice and note results. On the second step, the A register contents 
should be changed to all zeros. 
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(2) Set the U register to all zeros and set the P register to all ones except the 
least significant bit. Press STEP twice and note results. On the second step, the 
P register contents should be changed to all zeros. 


This operation provides a major check of the arithmetic section of the CPU. 


Load. all ones into the A, B, and X registers. Complement each register by using 
the corresponding register complement instruction (CPA, CPB, and CPX). After 
executing the complement instructions the contents of the A, B, and X registers 
should be all zeros (one's complement of all ones). These operations check the 
A, B, and X set functions and gates (SETA, SETB, and SETX) and the A, B, and 
X select functions and gates (SELA, SELB, and SELX). 


Load all ones into the A register. Store the contents of the A register in memory 
address zero (U = 050000). AND (ANA) the contents of memory address 0 with 
the contents of the A register (U = 150000). The result (should be all ones) is 
placed in the A register. Next, exclusivelyOR (ERA) the contents of memory 
address 0 with the contents of the A register (U = 130000). The result (should 
be all zeros) is placed in the A register. Finally, OR (ORA) the contents of 
memory address 0 with the contents of the A register (U = 110000). The result 
(should be all ones) is placed in the A register. These operations check gates in 
the arithmetic unit of the CPU. 


Load bit pattern 1010101010101010 into the A register. Logically rotate the 
contents of the A register one bit position to the left (LRLA, U = 004241). The 
A register.contents should now be 0101010101010101. Rotate left again; the 
bit pattern should now be 1010101010101010. Logically shift the contents of 
the A register one bit position to the right (LSRA, U = 004341). The A register 
contents should now be 0101010101010101. Shift right again; the bit pattern 
should now be 0010101010101010. These operations check the shift gates in 
the arithmetic unit of the CPU. 
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Load all ones into the A register. Load highest numbered memory address into P 
register (OX7777).* Load 0&4000 (STA relative to P register) into the U register, 
then press STEP. The REPEAT switch must be OFF. The U register contents 
should now be all ones. Load all zeros into the A register. Load highest 
numbered memory address into P register (0X7777).* Load 054000 (STA 
relative to P register) into the U register, then press STEP. The REPEAT switch 
must be OFF. The U register contents should now be all zeros. These operations 
check communication between the U register and memory. 


X represents any digit O oe 7 depending on computer memory size. X = O for 


4K, X = 


1 for 8K, X = 2 for 12K, X = 3 for 16K, X = 4 for 20K, X = 5 for 24K, X = 6 


for 28K, X = 7 for 32K. 


3.9 


NOTE 
To perform repeat operations in run mode, connect a jumper 


between pin 1 (ground) and pin 24 (RPCX-) of slot 12 of mainframe 
backplane. 


CIRCUIT CARD TROUBLESHOOTING 


Circuit cards can. be made accessible for troubleshooting by installation on an extencler 
card 44P0540 to extend the circuit card’ outside the rear of the computer frame. Signal 
waveforms can then be monitored at the IC terminals for troubleshooting purposes. 


The physical location of specific ICs can be determined by referring to the assembly 
drawing of the particular circuit card. The pin numbers and mnemonics associated with 
the IC are presented in the circuit card logic diagram, and a description of the IC is 


provided 


in the cirucuit card parts list. Assembly drawings, logic diagrams, and parts 


lists for the basic computer are provided in chapter X. 
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3.6 GENERAL TROUBLESHOOTING TECHNIQUES 


The general steps in troubleshooting are shown in figure IV-19 and described in the 
following sections. 


3.6.1 Define the Problem 


Define the problem thoroughly. For example, if the ADD instruction does not produce the 
correct results, is the fault a function of the sign (plus or minus), of the carries, or of 
some other element. Are the operation registers being loaded properly. Use the displays, 
connector pins, and integrated-circuit terminals for gathering the necessary data. 


3.6.2 Look for Obvious Solutions 


Make sure that a malfunction has actually occurred. Relate problems to recent events, 
such as cleaning or servicing. Look for improperly set controls or test equipment and 
accidental disconnections of plugs, etc. Consider miscellaneous temporary failure, such as 
mechanical jamming of peripheral equipment. 


3.6.3 Isolate to a Functional Area 


Isolate the fault to a functional area, such as memory, control, arithmetic logic, operation 
register, 1/O, peripheral controller, or peripheral device. The process of isolating the 
malfunctioning area is generally a straightforward process of eliminating areas that are 
operating properly. 


3.6.4 Analyze the Area 


When the fault has been isolated to a functional area, use the logic and timing diagrams, 
and observe circuit waveforms to isolate the problem to an individual replaceable 
element. Put the computer in step mode (STEP indicator on) before removing input power. 
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VTH-OSI9B 
Figure IV-19. General Troubleshooting Steps 
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3.6.5 Correct the Fault 


Replace the faulty card or component. Before restoring power, take any necessary 
measures to prevent recurrence of the failure. 


3.6.6 Restore the System to Normal Operation 


When the system appears to be operating properly, return it to normal operating 
conditions. If circuit cards have been unseated, be sure all are properly reseated in the 
connectors. Set all controls and place the power switch in the PWR ON position. Finally, 
verify proper operation by running the test programs. 


3.7 GENERAL TROUBLESHOOTING PROCEDURES 


‘When it has been determined that the computer is not operating properly, the general 
characteristics of the failure will, in most cases, immediately indicate the faulty section of 
the system. A typical failure in the CPU will produce failures in a large percentage of the 
test programs. Memory failures of a single bit or. word are rare and generally require 
special test procedures which may result in clearing the section of the memory involved. 


If the failure is catastrophic and all instructions fail, the cause is usually in the timing, 
decoding, and control section. 


Incorrect arithmetic operations or incorrect incrementing of the P register indicates that 
the failure is in the arithmetic and registers section. 


Memory failures may be evidenced by repeated halts or by completely random instruction 
sequencing. 


\/O failures are restricted to 1/O instructions and are associated only with the logic of the 


1/O device. An I/O failure can be easily diagnosed if failure occurs in |/O routines and not 
in internal routines. 
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SECTION 1 | 
FUNCTIONAL DESCRIPTION 


1.1 GENERAL 


The 620/L-100 memory is a parallel, random-access, three-wire/three-dimensional, 
magnetic core memory used to store all instructions and data. The memory can be 
expanded to 32,768 words (32K) in 4,096-word (4K) increments; each word contains 16 
bits. 


1.2 FULL CYCLE 


During a full memory cycle, the memory performs a reading sequence followed by a 
writing sequence. When a word is transferred from the CPU to memory, the memory cycle 
is a clear/write operation. When a word is transferred from memory to the CPU, the 
memory cycle is a read/restore operation. Both _ full-cycle operations require 950 
nanoseconds, and memory access time is 425 nanoseconds. 


1.2.1 Clear/Write 


A clear/write operation loads the memory. The clear portion of the operation resets the 
addressed cores to zero; the write sequence then loads data in the addressed cores. 


During the clear sequence, the X and Y drive wires of an addressed word are activated 
(read current) to magnetize the cores to zero. Addressed cores already at zero are not 
changed. 


During writing, the X and Y drive wires of an address word are activated (write current) to 
magnetize the cores to one. If a core must be zero, the associated inhibit wire generates 
an inhibit current that cancels X drive current, preventing the core from switching. The 
word, with correct bit configuration, is thus loaded into memory. 


1.2.2 Read/Restore 


A read/restore operation reads information from memory. The read portion of the 
operation unloads the addressed word from memory; the restore immediately reloads 
(writes) the word in the same core location. 
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During reading, the X and Y drive wires of an addressed word are activated (read 
current) to magnetize the cores to zero. Addressed cores already at zero are not changed. 
If an addressed core is one, a voltage is induced in the associated sense wire when the 
core switches to zero. The sense voliage is then interrogated and amplified to provide a 
memory read bit. 


During the restore sequence, the X and Y drive wires of an addressed word are activated 
(write current) to magr. ..ize the cores to one. If a core must be zero, the associated inhibit 
wire generates an inhibiting current that cancels X drive current, preventing the core 
from switching. The word, with correct bit configuration, is thus loaded into the same core 
location. 


1.3 HALF CYCLE 


The memory is also capable of performing a half-cycle operation which is required for 
trap-in functions (refer to chapter VI). After the first half cycle (clear or read), the memory 
will stop until it receives another memory start signal to initiate the second half cycle 
(usually write, for trap in). The write half cycle can be initiated 475 nanoseconds 
(minimum) after the « start of the first half cycle and is completed in 475 nanoseconds. 
Access time tor the half-cycle operation is the same as in full-cycle operation. 


1.4 MAGNETIC CORE OPERATION 


The basic information storage element of the memory is the magnetic core. The core is a 
toroid of ferrite that can be magnetized in two discrete directions representing the 
presence or absence of a binary bit. The magnetization is a result of current passing 
through the core. Total current must reach a minimum strength before the core becomes 
magnetized. The direction of current flow through the core determines the direction of 
magnetization; the two possible directions of current flow are called read and write. 


The memory uses the coincident-current technique to magnetize cores. Two perpendicular 
wires, X drive and Y drive, pass through each core. During memory operations, the 
current on any drive wire is approximately one-half of the current necessary to magnetize 
a core. Because of the orientation of the cores and wires in a plane, only the core at the 
intersection of two activated drive wires becomes magnetized. For simple analysis, a 
three-core-by-three-core matrix is shcwn in figure V-1. The figure indicates the total 
driving current received by each core when wires X2 and Y2 are activated. Only the center 
core is magnetized, since it is the only one that receives the full driving current, |. 
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15 - MEMORY CIRCUIT CARDS 


The memory circuits are contained on five types of circuit cards: 


a. The memory stack card contains a diode-decoding matrix, a 4-by-16K magnetic 
core array, and a sensistor. One memory stack card is required for each 4K 
memory increment. 


b. The driver/sink switch card (44P0578) contains 16 driver and 16 sink switch 
pairs, address multiplexer and decoder, driver/sink switch timing, and current 
source circuits. One driver/sink switch card is required for each 8K memory 
increment. 


c. The sense/inhibit card (44P0506) contains 16 sense amplifiers and 16 inhibit 
drivers. One sense/inhibit card is required for each 4K memory increment. 


d. The memory timing control card (44P0599) generates control signals for the 
total memory system. Only one memory timing control card is required for any 
size memory system. 


e. A memory buffer card (44P0521) is installed in memory systems larger than 8K 
to buffer L and W bus signals. 


Figure V-2 illustrates the functional circuit blocks of the memory in_ relation to the five 
circuit cards. 


1.6 MEMORY STACK CARD 


The memory stack card consists of a diode-decoding matrix and a planar magnetic core 
array composed of sixteen 4K mats. Each mat, which is one bit of the 16-bit word, 
contains 64 rows (X lines) and 64 columns (Y lines) of magnetic cores (refer to figure 
V-3). Selection of one of the 64 X or 64 Y lines is implemented with two diodes per line 
and an 8-by-8 driver/sink switch matrix. The diode end of the matrix is designated the 
drive end and the nondiode end, the sink end (figure V-4). These drive and sink ends are 
driven by the driver/sink switch card circuits. There are 256 diodes for each 4K stack. 
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Figure V1. Three-Core-by-Three-Core Matr'x 
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Y LINES 
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MAT PARALLEL TO THE X LINES, 
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Figure V-3. 4K Core Mat 
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Figure V-4. Memory Control Lines 


V-6 


CHAPTER V 
MEMORY 


1.6.1 Control Lines 


Three control lines (X, Y, and sense/inhibit) pass through each magnetic core. 


a. X Lines. Each X line passes through the same row of core in all sixteen 4K 
mats. The current in the selected X line will be one-half the current required to 
switch the state of a core. The direction of the current depends on whether 
memory is being written into or read from. 


b. Y Lines. Each Y line passes through the same column of core in all sixteen 4K 
mats. The current in the selected Y line will be one-half the current required to 
switch the state of a core. The direction of the current depends on whether 
memory is being written into or read from. 


c. Sense/Inhibit Lines. A sense/inhibit line passes through all cores of a 4K mat, 
parallel to the X lines and perpendicular to the Y lines. Each mat has an 
individual sense/inhibit line. The sense/inhibit line senses the state of the 
cores. If a core is one, an induced voltage is applied to the associated sense 
amplifier; if a core is zero, no voltage is induced. During reading, the sense 
arnplifier outputs are strobed onto the W bus. 


The sense/inhibit line also routes an inhibit current through an addressed core 
into which a zero is to be written. During write operations, half-current is 
applied to the selected X and Y lines to set the addressed cores to one. For zero 
cores, the inhibit current cancels the X line current to prevent the addressed 
core from switching to one. Thus, a zero bit from the W bus generates inhibiting 
current; a one does not. 


1.7 DRIVER/SINK SWITCH CARD 


The 16 driver and 16 sink switch pairs contained on this card provide X and Y drive for 
two 4K memory stack cards. This is accomplished by timesharing read/write driver switch 
pairs for the X and Y lines, and making the X and Y sink switch pairs common to both 
stack cards. A low address bit 12 (L12X +) selects eight driver switch pairs for the lower 
4K stack (4K-A); a high address bit 12 selects eight driver switch pairs for the upper 4K 
stack (4K-B). Address bits 0 through 5 are multiplexed with the Read/Write (RXXX — ) 
signal, and then decoded to select the proper driver switches for the 4K-A or 4K-B cores. 
Address bits 6 through 11 are decoded to select the proper sink switches which are 
common to both. 4K-A and 4K-B cores. 
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The driver/sink switch timing provides stack select and read/write timing for the driver 
and sink switch circuits. 


The driver/sink switch card also contains two sense-type current sources with the level 
adjustable by two potentiometers on the module. Two thermistors, located on the DSS, 
control the current level with respect to the ambient temperature to provide the optimum 
core drive. 


1.8 SENSE/INHIBIT CARD 


The sense/inhibit card contains 16 s2nse amplifiers and 16 inhibit drivers, referred to as 
16 pairs. Each pair is associated with a sense inhibit line on the stack module to form one 
sense/inhibit loop for a single bit. A sense/inhibit data loop for bit 15 is illustrated in 
figure V-5. 


The sense amplifier senses the state of the core by comparing the sense line voltage with 
a predetermined threshold voltage. The output of the sense amplifier is strobed by a 
sense amplifier strobe and buffered try an open-collector gate onto the W bus. 


INHT2 


INHIBIT 
DRIVER 


~~ BIT 15 | 


CORES l 


| 
cape 


VTII-1204 


Figure V-5. Sense/Inhibit Data Loop for Bit 15 
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The inhibit drivers, controlled by inhibit timing, receive data from the W bus during the 
write half cycle to provide inhibit current for a data bit of zero; no inhibit current is 
supplied for a data bit of one. 


1.9 MEMORY TIMING CONTROL CARD 


The memory timing control card accepts memory start and operational control signals 
from the CPU and provides all timing and control signals required to perform the memory 
operation. Control signals generated on this card are precisely timed by a tapped delay 
line (refer to figure V-6). When a memory start signal is received, a pulse is sent into the 
delay line and, at precise intervals along the delay line, signals are tapped off. Selected 
tapped signals combine with control signals to generate internal memory timing signals. 
During a half-cycle operation, the delay line is prohibited from initiating a second delay 
line start pulse to time the second half-cycle of a full-cycle memory operation. Internal 
memory timing signals are: 


a. Sense Amplifier Strobe (SASX-). 

b. X, Y Read Sink Switch Timing (RSTM_). 

c. &, Y Write Sink Switch Timing and Inhibit Driver Timing (WSTX-). 
d. X, Y Read and Write Driver Switch Timing (RWT1-, RWT2-). 


Operational signals from the CPU include: Memory Start (MSPX+), Full Cycle 
(FCYX +), and Read/Write (WRTX + ). FCYX + controls a flip-flop on the memory timing 
control card which indicates whether a full-cycle or half-cycle memory operation is to be 
performed. WRTX + controls a gate on the memory timing control card which generates a 
sense strobe (SASX-) signal indicating whether a read/restore or clear/write operation is 
to be performed. 


1.10 MEMORY BUFFER CARD 


The memory buffer card provides memory signals with the drive current required for 
routing to and from all memory increments above 8K by applying each of the signals to 
driver circuits. The memory signals to these driver circuits consist of the W register bits 
(WOOX- through W15X-), the first 13 L register bits (LOOX+ through L12X +), and the 
Read Sink Timing (RSTM_) signal. Refer to logic diagram 91D0297 in chapter X during 
the following memory buffer card description. 
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Signals LOOX + through L12X +: are routed through driver circuits to become LBOO + 
through LB12+. These signals are then routed to driver/sink switch cards in the 
expansion memories. 


WOOX: through W15X- are routed through the memory buffer card both to and from the 
“expansion memories. During a clear/write operation, these W register bits are transferred 
from the CPU (cards 44P0592) and enter the memory buffer card. These signals are 
amplified by open-collector gates to become WBOO- through WB15.-. These buffered signals 
are then routed to the sense/inhibit cards in the expansion memories. 


During a read/restore operation, signals WBOO- through WB15- are transferred from the 
expansion memories and enter the memory buffer card. These signals are then inverted 
and gated by the RSTM- signal through open-collector NAND gates to become the WOOX- 
through W15X- which are routed to the W register in the CPU (cards 44P0592). 


1.11 MEMORY INTERFACE OPERATION 


Addresses are sent to memory via the L bus, and data are sent to or from memory by the 
W bus. Refer to figures V-7 and V-8 for full- and half-cycle interface waveforms. 


The CPU requests access to memory by raising a memory start pulse. The memory cycle 
begins after a decode delay. The memory performs either a read/restore or clear/write 
operation depending on the level of the control line write/read (WRTX +). For the read/ 
restore cycle, data are available on the W bus 420 nanoseconds after the leading edge of 
the memory start pulse. During the time interval of 550 to 950 nanoseconds after the 
leading edge of the memory start pulse, data on the W bus are written into memory in the 
write half cycle. 


The memory can perform half-cycle or full-cycle operations, depending on the level of 
FCYX +. For a half-cycle operation, control line FCYX+ from the CPU is at a low level 
causing the memory to stop after the read half cycle. The memory waits for the second 
memory start pulse before performing the write half cycle. 


1.12 WRAP-AROUND ADDRESSING 


Wrap-around addressing is available upon request as a standard feature in the 620/L-100 
memory. This feature automatically prevents the CPU from trying to address data to or 
from nonexistent memory locations. Without the wrap-around feature, data read out of a 
nonexistent memory location result in zero and data written in are lost. 
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Wrap-around addressing is implemented with jumper connections on the backplane 
connector of the memory timing control card (44P0599, slot 6) and the processor control 4 
card (44P0593, slot 13). The jumpers connect to the memory address bits (L12X, L13X, 
and L14X) used in selecting a particular 4K memory increment. By grounding some or all 
of these memory address bits, wrap-around addressing of 4K, 8K, or 16K can be 
implemented. For 4K wrap-around, all three address bits are grounded; for 8K wrap- 
around, the two most significant address bits are grounded; for 16K wrap-around, only 
the most significant address bit ts grounded. The wrap-around jumper pin assignments 
for the various memory sizes are listed in table V-1. 


In a computer with a 4K memory (addresses O through 4,095) wired for 4K wrap-around 
addressing, each existing memory location can be addressed by its own address plus 
seven corresponding addresses in neanexistent memory. That is, location 0 is addressed 
by 0, 4,096, 8,192, 12,288. 16,384, 20,480, 24,576, and 28,672. For 8K wrap-around 
addressing, each existing memory ‘ocation can be addressed by its own address plus 
three nonexistent memory addresses and, for 16K wrap-around addressing, its own 
address plus one nonexistent memory address. 


Table V-1. Wrap-Around Addressing Connections 
Memory Size Grounded Pins 
4K Slot 13, pin 52 (L14X +) 
Slot 13. pin 50 (L13X 4+} 
Slot 6. pin 8 (LI2X +) 


8K Slot 13, pin 52 (L14X +) 
Siot 13. pin 50 (L13X + ) 


16K Stot 13. pin 52 (L14X +) 


Note’ Remove wire from the pins before they are grounded. 
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1.13 LOADER PROTECTION 


Loader protection is an optional feature to prevent writing into memory locations that 
contain the bootstrap loader and binary load/dump routines. (These memory locations 
can be read; however, provided there are no jump instructions included that would alter 
the contents.) The bootstrap loader and binary load/dump routines occupy the last 400 
octal addresses of the computer memory. The first memory location occupied by these 
routines is X7400, where X represents 0 through 7 depending on the memory size of the 
computer system. 


A toggle switch located behind the control panel in the lower left corner of the mainframe 
is used to enable and disable the loader protection circuit. When the switch is in the 
disable position, the loader protection circuit is disabled and all memory locations are 
available for storage. However, when the switch is in the enable position, this circuit 
prevents writing into the memory locations (X7400 through X7777) containing the 
bootstrap loader and binary load/dump routines. 


The loader protection option, when enabled, may be operated in any one of the operating 
modes by modifying the wiring on the 620/L-100 backplane: 


(1) Upon detection of an error, the write cycle is changed to a read 
cycle. 

(2) Upon detection of an error, the write cycle is changed to a read 
cycle and the CPU goes to STEP. 

(3) Upon detection of an error, the write cycle is changed to a 
read cycle and an interrupt is generated to the PIM. 


The loader protection circuit is located on the memory timing and control card (refer to 
the lower-left portion of sheet 1, logic diagram 91D0363). Signals LO8X + through L14X + 
are routed to the loader protection circuit. Signals LO8X + through L11X+ are at a high 
logic level for octal addresses 7400 and higher. Signals L12X+ through L14X + are high 
when the address indicates the last 4K increment in the memory system. L12X+, 
L13X +, and L14X + pass through jumpers A, B, and C (which are installed at the factory 
according to the computer memory size as indicated in table V-2). 


With the loader protection switch in the disable position, the Loader Protection Enable 


(LPEX +) signal is at a low logic level to disable the loader protection circuit. With the 
switch in the enable position, LPEX + is high to enable the circuit. 
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1.13.1 Store or Increment Memory Instructions 


When executing the store or increment memory instructions with the loader protection 
circuit enabled, the following events occur if the memory location to be stored into is in 
the bootstrap and binary load/dump area. The read/write instruction (WRTX + ) is forced 
to the low state. When the Set R Register (SETR +) signal changes to a high state, the 
SQP2 signal is in a low state and causes the computer to go into a step operation by 
generating the stop control (SOPX + ) signal on card 44P0595. 


1.13.2 Trap-In Operations 


When executing a trap-in request with the loader protection circuit enabled, the following 
events occur if the memroy address provided by the trapping device is in the bootstrap 
and binary load/dump area. WRTX+ and the Memory Start Pulse (MSPX+) are 
inhibited. When the Set W Register (STW1-) signal changes to a low state, the SQP2 
Signal is in a low state and causes the computer to go into a step operation by generating 
SOPX +. 


Table V-2. Loader Protection Jumper Connections 


Memory Size Jumper 
AK None 
8K C to C 
12K | B to B 
16K B to B and C to C 
20K Ato A 
24K A to A and C to C 
28K A to A and B to B 
32K A to A, B to B, and C to C 
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SECTION 2 
THEORY OF OPERATION 


2.1 GENERAL 


This section provides detailed circuit descriptions of the memory functional circuit blocks. 
Memory circuit card logic diagrams should be referred to during the descriptions: the 
document numbers are: 


Card Type Logic Diagram 
Driver/sink switch (44P0578) 91C0346 
Sense/inhibit (44P0506) 91D0285 
Memory timing control (44P0599) 91D0363 
2.2 TIMING CONTROL CIRCUITS 


The timing control circuits are located on card 44P0599 and illustrated on sheet 1 of logic 
diagram 91D0363. The lower-left portion of sheet 1 illustrates the optional loader 
protection circuits (refer to section 1.13). Locations of mnemonics and circuit elements on 
logic diagram 91D0363 are provided in parentheses. For example, (1C8) indicates sheet 
1, zone C8. 


The input to the delay line (DL1) is designated EO; the delay line output taps are 
designated E1 through E25. Each output tap provides a 9-nanosecond delay. 


2.2.1 Delay Line Timing 


Refer to figure V-9 for delay line timing waveforms. When a high MSPX+_ pulse (1C8) is 
received from the CPU, signal IC11-3 goes low (MSCE + is always high). This negative- 
going pulse causes the 1C14 one-shot to generate a positive pulse. This positive pulse is 
approximately 140 nanoseconds wide as determined by R6 and C26. The trailing edge of 
the one-shot pulse sets the delay line input latch (1C17-8 is high) to form the leading 
edge of the delay line input pulse EO. When this positive transition reaches delay line tap 
E17, 1C11-11 goes low (1C7) causing the delay line input latch circuit to reset (IC17-8 goes 
low). This determines the width of delay line input pulse EO (nominally 170 nanoseconds). 
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To provide timing for the last half of a full-cycle operation, a second delay line input pulse 
EO is generated when delay line pulse E21 is gated with tnverted delay line pulse E9 to 
produce a negative-going pulse at IC12-6 (1C8). This negative-going pulse causes the IC14 
one-shot to generate another 140-nanosecond pulse. The trailing edge of the one-shot 
pulse again sets the delay line input latch to form the leading edge of the second EO 
pulse. This second EO pulse is then formed in the same manner as was the first. 


During a half-cycle memory operation, only the delay line pulses for the first half of the 
memory cycle are generated. Refer to figure V-10 for the half-cycle timing waveforms. The 
low FCYX + signal (1C8) is inverted and then gated with the E2 and inverted E8 delay 
line pulses at IC10-12 (1C6). The resulting negative-going pulse resets the full half cycle 
latch causing IC10-6 to go low. This low signal disables the IC12 gate (1C8) which prevents 
the IC14 one-shot and the delay line from producing a second positive pulse. 


2.2.2 Read/Write Timing 


Refer to figure V-11 for the read/write timing waveforms. A low TCRX- signal (1C8) 
produces a high signa. at IC10-6 (1C5). When a high MSPX + pulse (1C8) is received from 
the CPU, the signal at !C11-3 goes low (MSCE + is always high, except during power up 
and power down) resulting in a low signal at 1C10-8 to set flip-flop IC9 (1B4). With this 
flip-flop set, signal R is high and signal RXXxX. is low indicating the read (or clear) portion 
of the memory cycle. 


Flip-flop IC9 is toggled on the trailing edge of delay line pulse E25. This produces high W 
and RXXX. signals (1B3) indicating the write (or restore) portion of the memory cycle. The 
trailing edge of the second E25 pulse changes the state of flip-flop IC9 back to the set 
condition to begin the next memory cycle. 


2.3 DRIVER/SINK SWITCH TIMING 


The driver/sink switch timing circuits are located on card 44P0578 and _ illustrated on 
sheet 9 of logic diagram 91C0346. The timing circuits consist of gates IC1. IC7. and !C12. 
and the circuits associated with transistors Q7 through Q20. The circuit consisting of 
transistors Q1 through Q6 is a memory data protection circuit, which disables the timing 
circuits during power-up and power-down conditions. 
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The input signals are: 


a. 


d. 


e. 


SSLX- Stack select signal, selects a particular 8K memory increment. X 
represents a number from 1 through 4. 


L12X+ Address bit 12, selects the first or second 4K stack of an 8K memory 
increment. L12X+ low selects the first 4K stack (4K-A); L12X+ high the 
second 4K stack (4K-B). 


RWT1- and RWT2- Timing signals for the X/Y read and write driver switch 
circuits. 


RSTM-_ Timing signal for the X and Y read sink circuits. 


WSTX- Timing signal for the X and Y write sink circuits. 


The eight output signals (A, B, C, D, —, F, H, and K) provide drive currents for 
transformers in the driver and sink switch circuits (sheets 7 and 8 of logic diagram 
91C0346). A description of each output signal follows. 


Output A is activated (Q7 conducts) when SSLX-, RWT2-, and L12X+ are low. 
The A output is routed to a group of eight positive-drive driver switches that are 
connected to the X and Y lines of a 4K-A stack. During the read portion of the 
memory cycle, one of these driver switches is selected to route current through 
a Y line. During the write portion, the same driver switch routes current through 
an X line. 


Output B is activated (Q8 conducts) when SSLX-, RWT1-, and L12X + are low. 
The B output is routed to a group of eight negative-drive driver switches that are 
connected to the X and Y lines of a 4K-A stack. During the read portion of the 
memory cycle, one of these driver switches is selected to route current through 


‘ an X line. During the write portion, the same driver switch routes current 


through a Y line. 


Output C is activated (Q10 conducts) when SSLX- and RWT2- are low, and 
L12X + is high. The C output is routed to a group of eight positive-drive driver 
switches that are connected to the X and Y lines of a 4K-B stack. During the 
read portion of the memory cycle, one of these driver switches is selected to 
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route current through a Y line. During the write portion, the same driver switch 
routes current through an X line. 


Output D is activated (Q11 conducts) when SSLX- and RWT1- are low, and 
L12X + is high. The D output is routed to a group of eight negative-drive driver 
switches that are connected to the X and Y lines of a 4K-B stack. During the 
read portion of the memory cycle, one of these driver switches is selected to 
route current through an X line. During the write portion, the same driver 
switch routes current through a Y line. 


Outputs E and F are activated (Q15 and Q16 conduct) when SSLX- and RSTM- 
are low. | 


The E output is routed to a group of eight sink switches that are connected to 
the X lines of the 4K-A and 4K-B stacks. During the read portion of the memory 
cycle, one of these sink switches is selected to route current through a selected 
X line of the 4K-A or 4K-B stack. 


The F output is routed to a group of eight sink switches that are connected to 
the Y lines of the 4K-A and 4K-B stacks. During the read portion of the memory 
cycle, one of these sink switches is selected to route current through a selected 
Y line of the 4K-A or 4K-B stack. 


Outputs H and K are activated (Q19 and Q20 conduct) when SSLX- and WSTX- 
are low. 


The H output is routed to a group of eight sink switches that are connected to 
the X lines of the 4K-A and 4K-B stacks. During the write portion of the memory 
cycle, one of these sink switches is selected to route current through a selected 
X line of the 4K-A or 4K-B stack. 


The K output is routed to a group of eight sink switches that are connected to 
the Y lines of the 4K-A and 4K-B stacks. During the write portion of the memory 
cycle, one of these sink switches is selected to route current through a selected Y 
line of the 4K-A or 4K-B stack. 
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2.4 ADDRESS MULTIPLEXERS AND DECODERS 


The address multiplexer and decoder circuits are located on card 44P0578 and _ illustrated 
on sheets 7 and 8 of logic diagram 91C0346. The multiplexer consists of the gate circuits 
IC3, 4, 7, and 8. The decoder circuits are designated !C2, 5, 9, and 11. 


Address bits LOOX+ through LO5X+ are multiplexed with read/write signal RXXxX-. 
During the read sequence of the memory cycle, RXXX- is low; during the write sequence, it 
is high. The output of the multiplexer consists of the complement of address bits LOOX + 
through LO5X +. During the read sequence, the multiplexer applies the complement of 
LOOX + through LO2X + to decoder circuit IC9, and the complement of LO3X + through 
LO5X + to decoder circuit IC5. During the write sequence, the multiplexer applies the 
complement of LOOX + through LO2X + to decoder circuit IC5, and the complement of 
LO3X + through LO5X+ to decoder circuit IC9. Figures V-12 and V-13_ illustrate the 
multiplexing of address bits representing an octal 45 (100 101). The gates designated 
with an R are enabled during the read sequence and, the W gates, during the write 
sequence. 


Each decoder circuit consists of a Texas Instruments SN7442N BCD-to-decimal decoder 
(figure V-14). One of the four inputs (pin 12) is connected to ground. Two of the ten 
outputs (pins 10 and 11) are not used. 


Because the multiplexed codes are in complement form, the outputs of decoder circuits 
IC5 and IC9 are wired in the reverse order from the outputs of IC2 and IC11. Only one of 

the eight outputs of each decoder circuit is activated (low level) for a particular 3-bit input 

code. Figures V-15 and V-16 illustrate read and write decoding for an octal address of 
2345. Mnemonics for the active output of each decoder circuit are indicated. 


2.5 DRIVER/SINK SWITCHES 


The driver/sink switches are located on card 44P0578, and illustrated in block diagram 
form on sheets 7 and 8 of logic diagram 91C0346. On the logic diagram, the driver 
switches are represented by the four circuit blocks designated circuit 1 through circuit 4. 
Descriptions for each of the four circuit blocks are listed below. 


a. Circuit 1 consists of eight positive-drive, common-anode driver switches for the 
4K-A stack. The positive-drive designation indicates that the collectors of the 
driver switches are connected to the positive current source. The common- 
anode designation indicates that the emitter of each driver switch is connected 
to the anodes of two groups of diodes in the 4K-A stack. One group consists of 
eight X line diodes; the other, eight Y line diodes. Circuit 1 is enabled when 
L12X + and RWT2- are low. During the read sequence, one of these driver 
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Figure V-15. Read Decoding of Octal Address 2345 
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Figure V-16. Write Decoding of Octal Address 2345 
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switches is selected to route current through a Y line; during the write 
sequence, the same driver switch routes current through an X line. 


b. Circuit 2 consists of eight positive-drive, common-anode driver switches for the 
4K-B stack. The collectors of these driver switches are connected to the same 
positive current source used by circuit 1. The emitter of each driver switch is 
connected to the anodes of the two groups of diodes in the 4K-B stack. Circuit 2 
is enabled when L12X + is high and RWT2- is low. During the read and write 
sequences, the selected circuit 2 driver switch routes current through the X and 
Y lines in the same manner as the selected driver switch of circuit 1. 


c. Circuit 3 consists of eight negative-drive, common-cathode driver switches for 
the 4K-A stack. The negative-drive designation indicates that the emitters of the 
driver switches are connected to the negative current source. The common- 
cathode designation indicates that the collector of each driver switch is 
connected to the cathodes of two groups of diodes in the 4K-A stack. One group 
consists of eight X line diodes; the other, eight Y line diodes. Circuit 3 is 
enabled when L12X+ and RWT1- are low. During the read sequence, one of 
these driver switches is selected to route current through a selected X line. 
During the write sequence, the same driver switch routes current through a Y 
line. 


d. Circuit 4 consists of eight negative-drive, common-cathode driver switches for 
the 4K-B stack. The emitters of these driver switches are connected to the same 
negative current source used by circuit 3. The collector of each driver switch is 
connected to the cathodes of the two groups of diodes in the 4K-B stack. Circuit 
4 is enabled when L12X + is high and RWT1- is low. During the read and write 
sequences, the selected circuit 4 driver switch routes current through the X and 
Y lines in the same manner as the selected driver switch of circuit 3. 


On the logic diagram, the sink switches are represented by the four circuit blocks 
designated circuits 5 through 8. Descriptions for each of the four circuit blocks are listed 
below. . 


a. Circuit 6 consists of eight X write sink switches for the 4K-A or 4K-B stacks. The 
emitters of these sink switches are connected to -12 volts. Circuit 6 is enabled 
when WSTX: is low to allow the selected sink switch to route write current 
through an X line of the 4K-A or 4K-B stack. 
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b. Circuit 8 consists of eight X read sink switches for the 4K-A or 4K-B stacks. The 
collectors of these sink switches are connected to +12 volts. Circuit 8 is 
enabled when RSTM.- is !ow to allow the selected sink switch to route read 
current through an X line of the 4K-A or 4K-B stack. 


c. Circuit 5 consists of eight Y read sink switches for the 4K-A or 4K-B stacks. The 
emitters of these sink switches are connected to -12 volts. Circuit 5 is enabled 
when RSTM- is low to allow the selected sink switch to route read current 
through a Y line of the 4K-A or 4K-B stack. 


d. Circuit 7 consists of eight Y write sink switches for the 4K-A or 4K-B stacks. The 
collectors of these sink switches are connected to +12 volts. Circuit 7 is 
enabled when WSTX. is Icw to allow the selected sink switches to route write 
current through a Y line of the 4K-A or 4K-B stack. 


Address bits 0 through 12 are decoded in four groups of three bits each. LOOX + through 
LO2X + select one of eight X read/X write driver switch pairs, LO3X + through LO5X + 
slect one of eight Y read/Y write driver switch pairs, LO6X + through LO8X + select one of 
eight X read/X write sink switch pairs, and LO9X + through L11X + select one of eight Y 
read/Y write sink switch pairs. Through the diode-decoding matrix on the memory stack 
card, the eight pairs. of XY driver switches and eight pairs of X sink switches select one of 
64 X drive lines. The same eight pairs of XY driver switches and 8 pairs of Y sink 

switches select one of 64 Y drive lines. The word at the intersection of the X and Y drive 
lines is addressed. 


2.5.1 Driver Switch Circuits 


Detailed schematics. of the driver switch circuits appear on sheets 3 and 4 of logic 
diagram 91C0346. 


The circuits designated 1 and 2 have input signals consisting of: 


a. Transformer drive current from the driver/sink switch timing circuits (outputs A 
or C) that is applied to one end of the transformer primaries via pin 17. 


b. Decoded signals PDO through PD7 that are applied to the other ends of the 
transformer primaries via pins 1 through 8. 


One of the eight driver switches is activated when the transformer drive current is present 


at pin 17, and one of the decoded signals goes low. This allows current to flow in the 
transformer turning on the associated transistor. With the transistor on, the positive 
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current source (pin 18) is routed. through the Y line during a read sequence and the X line 
during a write sequence. Circuit 1 is used for the 4K-A stack and circuit 2 for the 4K-B 
Stack. 


The circuits designated 3 and 4 have input signals consisting of: 


a. Transformer drive current from the driver/sink switch timing circuits (outputs B 
or D) that is applied to one end of the transformer primaries via pin 17. 


b. Decoded signals NDO through ND7 that are applied to the other ends of the 
transformer primaries via pins 1 through 8. 


One of the eight driver switches is activated in the same manner as for circuits 1 and 2. 
When a transistor in circuit 3 or 4 turns on, the negative current source (pin 18) is routed 
through the X line during a read sequence and the Y line during a write sequence. Circuit 
3 is used for the 4K-A stack and circuit 4 for the 4K-B stack. 


2.5.2 Sink Switch Circuits 


Detailed schematics of the sink switch circuits appear on sheets 5 and 6 of logic diagram 
91C0346. Like the driver switches, the input signals of the sink switches consists of 
transformer drive currents (at pin 17) and decoded signals (at pins 1 through 8). A 
particular sink switch is activated in the same manner as the driver switches. When a 
transistor in circuit 5 turns on, a path is provided to sink the read current of a Y line in 
the 4K-A or 4K-B stack. When a transistor in circuit 6 turns on, a path is provided to sink 
the write current of an X line in the 4K-A or 4K-B stack. When a transistor in circuit 7 
turns on, a path is provided to sink the write current of a Y line in the 4K-A or 4K-B stack. 
When a transistor in circuit 8 turns on, a path is provided to sink the read current of an X 
line in the 4K-A or 4K-B stack. 


2.6 CURRENT SOURCE CIRCUITS 


The current source circuits are located on card 44P0578 and illustrated on sheet 10 of 
| logic diagram 91C0346. The circuits consist of positive and negative current source 
networks and associated temperature-compensating circuits. 


The positive current source network consists of resistors R37, R40, R42, and transistor 


Q23. A nominal current source of 380 mA is produced at point L and is routed to the 
positive-drive driver switches. Transistors Q21 and Q22, zener diode CR7, thermistor RT1, 
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resistors R36, R41, and potentiometer R39 form a temperature compensating network 
which causes the driver current to vary inversely with temperature. 


Except for the direction of current flow, the negative current source circuit operates in the 
same manner as the positive current source circuit. A nominal negative 380 mA current is 
produced at point M and ts routed to the negative-drive driver switches. 


Using potentiometers R39 and R47, “he positive and negative drive currents are adjusted 
at the factory for optimum memory operation. 


2.7 SENSE/INHIBIT TIMING 


The sense/inhibit timing circuit is located on card 44P0506. It is illustrated at the upper 
left of sheet 1, logic diagram 91D0285. 


The circuit is enabled when its associated 4K memory stack is selected. Thé mnemonic 
SSLX- represents one of four stack select signals (SSL1- through SSL4-) that select a 
particular 8K memory increment. These signals originate on the DM112 card where they 
are designated MSC1 + through MSC4+. The mnemonic INHE-X represents one of two 
inhibit enable signals (INHE-O and INHE-1) that select the 4K-A or 4K-B stack of the 
selected 8K increment. 


The Sense Amplifier Strobe (SASX-) signal from the memory timing control card is used to 
produce the SAS1 and SAS2 signals. SAS1 strobes the outputs of the sense amplifiers for 
data bits 0 through 7; SAS2 strobes the outputs of the sense amplifiers for data bits 8 
through 15. 


The Inhibit Timing (INHT-) signal originates from the memory timing control card where 
it is designated WSTX.-. INHT- is used to produce the INHT1] and INHT2 signals. INHT1 is 
a timing pulse for the inhibit drivers of data bits O through 7; INHT2 is a timing pulse for 
the inhibit drivers of data bits 8 through 15. Refer to figure V-17 for sense/inhibit timing 
waveforms. 


2.8 SENSE/INHIBIT DATA LOOP OPERATION 


The schematics and block diagrams for the sense amplifiers and inhibit drivers appear on 
sheets 2 and 3 of logic diagram 91D0285. The sense amplifiers and their associated 
networks are designated as circuits |, 2, 4, 5, 7, 8, 10, and 11; the inhibit drivers as 
circuits 3, 6, 9, and 12. Sections 2.8.1 and 2.8.2 provide circuit descriptions of the sense/ 
inhibit data loop for bit 15 (refer to figure V5 in section 1.8). 
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2.8.1 Read/Restore Operation 


During a read/restore operation, the sense amplifier of circuit 11 senses the state of the 
bit 15 core by comparing the voltage on the sense lines (S15X and S$15X-) with the 
predetermined threshold voltage. The threshold voltage originates from the + 5-volt 
supply and potentiometer R3 (sheet 1 of 91D0285). R3 Is adjusted at the factory for a 
reference voltage of 3.1 volts (at pin 3 of R3). The reference voltage is applied to pin 1 of 
the sense amplifier resistor network where it is divided to become the threshold voltage at 
pin 5 (approximately 20 millivolts). The output of the sense amplifier is strobed by the 
sense amplifier strobe signal SAS2 and buffered by an open-collector gate (1C11) to 
provide a wire-OR capability. 


When the bit 15 core is one, the sense amplifier generates a narrow positive pulse at pin 
7 of circuit 11. This produces a low signal at IC11-8 which sets the bit 15 flip-flop of the 
memory data register (card 44P0592) to a low state (one state). The low signal at IC11-8 
also produces a low signal at 1C12-12 which prevents the bit 15 inhibit driver from turning 
on. Thus, during the restore sequence, the write currents on the X and Y lines restore the 
core to the original one state. 


When the bit 15 core ts zero, the sense amplifier output at pin 7 of circuit 11 1s low. Ths 
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causes the signal at 1C11-8 to remain at a high level, indicating that bit 15 is zero. During 
the restore sequence, the high signal at IC11-8 is gated with a high INHT2 signal to 
produce a positive pulse at IC12-12. This turns on the bit 15 inhibit pre-driver which 
enables the bit 15. inhibit driver to produce an inhibit current at pin 9 of circuit 12 
(D15X). The inhibit current prevents the write currents on the X and Y_ lines from 
switching the bit 15 core to a one state. 


2.8.2 Clear/Write Operation 


During the clear/write operation, a high WRTX + signal from card 44P0593 is sent to the 
memory timing control card (44P0599). This prevents the memory timing control circuits 
from generating the sense amplifier strobe signal SASX-. This disables the sense 
amplifier, and results in a_ low signal at pin 7 of circuit 11 and a high signal at 1C11-8 
(W15X- is zero) during the clear sequence. 


During the write sequence, the state of W15X- is determined by the state of the bit 15 
flip-flop in the memory data register (card 44P0592). If bit 15 is to be a one (W15xX- low), 
a low signal is produced at !C12-12 io prevent the bit 15 inhibit driver from turning on. 
Thus no inhibit current is generated, and the bit 15 core ts set to a one state. If bit 15 is 
to be a zero (W15X. high), a high signal is produced at IC12-12 to turn on the bit 15 
inhibit driver. The inhibit current at pin 9 of circuit 12 (D15X) prevents the write currents 
on the X and Y lines from switching the bit 15 core to a one state. 
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SECTION 3 
MAINTENANCE 


3.1 GENERAL 


This section provides preventive and corrective maintenance information for the 620/L 
memory system. Refer to the maintenance section of chapter IV for recommended test 
equipment and troubleshooting information. 


3.2 PREVENTIVE MAINTENANCE 


Preventive maintenance for the memory consists of inspection, cleaning, adjustments, 
and running the memory test program as described below. 


a. Check memory circuit card connectors for proper seating. 


b. Remove dust and dirt from the memory interior by applying a stream of low- 
velocity air. Use extreme care when cleaning in the area of the core stacks. 


c. Check and adjust the power supply voltages using a voltmeter accurate to within 
2 percent. The voltages can be measured at the driver/sink switch card 
backplane connector (slot 3 of mainframe) as follows: 


-5V at pin 115 
+5V at pin 116 
-12V at pin 113 
+12V at pin 119 


d. Adjust potentiometer R3 on the sense/inhibit card for a 3.1-volt reference 
voltage at pin 3 of R3 (TP). 


e. Run the 620 memory test program (part number 92A0107-004). Refer to the 
620 Test Programs Manual (98 A 9952 060) for operating instructions. 
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3.3 CORRECTIVE MAINTENANCE 


A malfunction can be isolated to a particular 4K memory increment by running the 
memory test program. Fault isolation to a specific circuit card can then be accomplished 
by replacing cards of the malfunctioning memory increment with corresponding cards 
from a memory increment that operates correctly. Only one driver/sink switch card is 
required for an 8K memory increment. If this card is faulty, the memory test program can 
detect errors in two:-4K memory increments. When the faulty memory card is found, it 
can be installed on an extender card 44P0540 to make it available for troubleshooting. 
Figure V-18 illustrates typical waveforms to be observed at test points on the memory 
timing control card. Figures V-19 through V-21 show photographed waveforms observed 
on cards 44P0599, 44P0506, and 44P0578. 


CAUTION 


Never remove or install any circuit card or remove or connect any 
connector while power is applied to the memory. 
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Figure V-18. Test Point Waveforms on Timing and Control Card 
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MSPX+ 


NOTE: 


VEEL 1392 


FOR THE ABOVE WAVEFORMS, THE OSCILLOSCOPE SWEEP TIME IS SET TO 
100 NANOSECONDS/CM 


MSPX+ IS THE MEMORY START PULSE AT PIN 90 ON CARD 44P0599 
(MAINFRAME SLOT 6). THE OSCILLOSCOPE IS SET TO 5 VOLTS/CM 


FO IS THE INPUT PULSE TO THE DELAY LINE AT TP] ON CARD 
44P0599. THE OSCILLOSCOPE IS SET TO 2 VOLTS/CM 


R IS ONE OUTPUT OF THE READ/WRITE FLIP-FLOP AT TP2 ON CARD 
44P0599. THE OSCILLOSCOPE IS SET TO 2 VOLTS/CM 


Figure V-19. Memory Timing Control Card Waveforms 
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MSPX+ 
SAS] AND 
SAS2 
INHT!] AND 
INHT2 
~ NOTES: 1. FOR THE ABOVE WAVEFORMS, THE OSCILLOSCOPE SWEEP TIME IS SET TO 
100. NANOSECONDS/CM 
2. MSPX+ IS THE MEMORY START PULSE AT PIN 90 ON CARD 44P0599 
(MAINFRAME SLOT 6). THE OSCILLOSCOPE IS SET TO 5 VOLTS/CM 
3, SASI 1S THE SENSE AMPLIFIER STROBE PULSE AT TP8 ON CARDS 
44P0506 (MAINFRAME SLOTS 2 AND 5). THE OSCILLOSCOPE IS SET 
TO 2 VOLTS/CM 
4. INHTIAND INHT2 ARE THE INHIBIT TIMING SIGNALS AT TP7 AND TP2 
ON CARDS 44P0506 (MAINFRAME SLOTS 2 AND 5), THE OSCIL- 
LOSCOPE IS SET TO 2 VOLTS/CM 
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Figure V-20. Sense/Inhibit Card ‘Waveforms 
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MSPX+ 
CURRENT 
SOURCE 
CURRENT 
SOURCE 
NOTES: 1. FOR THE ABOVE WAVEFORMS, THE OSILLOSCOPE SWEEP TIME IS SET TO 
100 NANOSECONDS/CM 
2. MSPX+ 1S THE MEMORY START PULSE AT PIN 90 ON CARD 44P0599 
(MAINFRAME SLOT 6). THE OSCILLOSCOPE IS SET TO 5 VOLTS/CM 
3. THE CURRENT SOURCE PULSES ARE THE POSITIVE AND NEGATIVE CURRENT 
SOURCES ON THE CARD 44P0578. THE SIGNALS ARE CURRENT PULSES 
FLOWING THROUGH THE WIRES CONNECTED TO POINTS L AND M ON 
SHEET 10 OF LOGIT DIAGRAM 91C0346. THF OSCILLOSCOPE IS SET TO 
200 MILLIAMPERES,,CM 
WTTL-1394 


Figure V-21. Driver/Sink Switch Card Waveforms 


J-AQ 


CHAPTER VI 
DIRECT MEMORY ACCESS AND INTERRUPT 


CHAPTER VI 
DIRECT MEMORY ACCESS AND INTERRUPT 


SECTION 1 
FUNCTIONAL DESCRIPTION 


1.1 GENERAL 


The direct memory access and interrupt circuits (DMA/I), contained on the circuit card 
44P0023, allow |/O data transfers to occur under external control. 


The direct memory access circuits (DMA), when used with the optional BIC, allow 
peripheral devices on the |/O bus to transfer data to or from computer memory while 
temporarily halting the processing of the stored program. The program remains halted for 
1.66 microseconds or 1-3/4 computer cycles. The cycle-stealing procedure does not disturb 
the contents of the operation registers (A, B, X, and P); thus, the program can proceed 
normally at the conclusion of the data transfer. This process is referred to in this manual 
as trapping. To preclude excessive preemption of the computer time from the stored 
program, one program instruction is performed between each successive trap. Data can 
be transferred between the computer memory and devices with this method at rates up to 
382,720 words per second. 


The interrupt circuits allow certain computer options (PF/R, RTC, PIM, and BIC), on a 
priority basis, to request the computer to execute an instruction independent of the 
program in progress. When two or more interrupt requests are received simultaneously, 
the hard-wired system priority scheme determines which option has priority. During the 
interrupt, the computer is directed to a memory address specified by the interrupting 
option and, then, executes the instruction stored in that location. Execution of any 
instruction stored in memory, except an |/O command, can be requested. Normally, the 
instruction is a jump and mark (JMPM) command, which results in the processing of an 
1/O subroutine. 


The DMA/I consists of an interrupt/trap detect, interrupt/trap sequencer, and data 
output gating sections as illustrated in figure VI-1. The interrupt/trap detect section 
detects the presence of a trap or interrupt request, provides proper detect timing, and 
inhibits detection of traps or interrupts under certain conditions. The interrupt. trap 
sequencer section controls critical CPU functions in the proper sequence to perform an 
interrupt, trap-in, or trap-out. The data output gating section controls the transfer of data 
during trap-out. 
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1.2 TRAPS 


Traps from selected devices can be used to input a word of data directly to a selected 
memory address (trap-in) or to read out a word from the computer memory (trap-out); 
this delays the stored program for 1.66 microseconds. Data transferred in this manner 
does not disturb the contents of the operation registers, thus enabling the program to 
proceed normally at, the conclusion of the transfer. Only one word of data can be 
transferred during each trap, and a minimum of 1.0 microsecond is required for the main 
program between trap sequences. Thus, the maximum data transfer rate is one word each 
2.61 microseconds, or 382,720 words. per seconds. 


When a trap request from a device is received by the DMA, it is detected unless a specific 
inhibit signal is present. Figure VI-2 shows the general timing sequence used in detecting 
and processing a trap-out request. 


When a Trap-Out Request (TPOX-|) is detected, the first sequence flip-flop (ICLX) is set. 
This sets the interrupt acknowledge flip-flop, placing signal IUAX-| on the IO bus to notify 
the requesting device that its request has been acknowledged. The peripheral device then 
places the desired memory address on the E bus, from which it is gated by the computer 
into the L (memory address) register, via the C bus. A Function Ready (FRYX-1) signal is 
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Figure VI-1. DMA/I Functional Block Diagram 
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VTI1-1395 
Figure VI-2. Trap-Out Timing Sequence 
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then placed on the E bus by the computer. The requesting device removes the memory 
address from the E bus on the trailing edge of FRYX-1. A memory cycle is initiated, 
bringing the desired data from memory into the W register, from which it is gated onto 
the E bus, via the A and C buses. A Data Ready (DRYX-1) signal then gates the data from 
the E bus into the data register of the requesting device, after which TPOX-I and |UAX-] 
are removed from the E bus, flip-flop ICLX is reset, and the trap sequence is ended. 


Figure VI-3 shows the timing sequence for processing a trap-in request. When a Trap-In 
Request (TPIX-!) is detected, flip-flop ICLX is set, and IUAX.-I is generated, acknowledging 
the request. The device then places the desired memory address on the E bus, from which 
it is gated by the computer into the L register, via the C bus. The device then removes the 
address from the E bus on the trailing edge of FRYX-I. The W register is cleared to receive 
the input data. The device places the cata on the E bus, where it is gated onto the C bus. 
The data are then gated into the W register by DRYX- for storage in the memory address 
specified by the trap address in the L register. The signals on the I/O bus are then 
removed and flip-flop ICLX ts reset, ending the trap-in sequence. 


1.3 INTERRUPTS 


Figure VI-4 shows timing sequences for detecting and processing interrupts. When an 
Interrupt Request (IURX-1) signal from an option is received, it is detected unless a 
specific inhibit signal is present. Detection of the interrupt request sets flip-flop ICLX +. 
This immediately sets the Interrupt Acknowledge (IUAX-1) flip-flop, notifying the 

interrupting device that its interrupt has been acknowledged. The device then places a 
memory address on the E bus, from which it is gated by the computer into the L register, 
via the C bus. A memory Start clock signal is then initiated, bringing the contents of the 
memory address (the interrupt instruction) into the W register. During the first half of the 
memory cycle, the instruction that was interrupted is executed by the CPU. During the 
second half of the memory cycle, the interrupt instruction is transferred from the W 
register to the U register and examined to determine whether it is a one-word or two-word 
instruction. One-word instructions are executed at the completion of the memory cycle. If 
a two-word instruction is indicated, the memory address from the E bus is strobed onto 
the C bus, where it is incremented and placed in the L register. A new memory cycle is 
then initiated, bringing the second wora to the U register. If the interrupt instruction is a 
JMPM, an Interrupt Jump (IUJX-1) signal is generated, inhibiting the interrupt request 
capability of the controllers until reenabied by the program. 
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Figure VI-3. Trap-In Timing Sequence 


VI-5 


CHAPTER VI . 
DIRECT MEMORY ACCESS AND INTERRUPT 


1URX-I (oT inte rruet request 
a 
ICLX - z= © res a 
IUAX =I f— aaa INTERRUPT ACK NOWLEDGE __ 
EB(N) - — ee ee ae ADDRESS 2c ou 2 
| = - 
SETL + on ee re ee eee 


fe ne + 
MEMORY CYCLE [] Spat 
Sen ject cacaiee eco, een Samat Sede saa ey SR RRE Serge Sere eee 


| 
SFTth+# | I 


a ar te Se Cae eS se Pe 
EXECU | . So eens ; 
EXECUTED es ee a ae eS 2 Rene Demerara eer 5 


INTERRUPT INHIBIT IF 


| 
| 
IUJX - | alee 2 . JUMP AND MARK , —----——- 
| 
od a ee oy ee ee ese ; ibaa pig te Manet fa) Mis Sea tis 
| 
SOLID AREAS te INTERRUPT 7 DASHED AREAS 
INDICATE TRUE) | — ADDRESS ia FOR TWO WORD 
SIGNAL ) CYCEE | INSTRUCTION 
Se aca fee z| 4 ! | | | aes FER crane TELE! Pine are 
TIME 0 475 950 1425 1900 2375 2850 3325 


IN NANOSECONDS 


Prt 1397 
Figure VI-4 interrupt Timing Sequence 


CHAPTER VI! 
DIRECT MEMORY ACCESS AND INTERRUPT 


1.4  . DATA OUTPUT GATINGS 


The data output gating section in the DMA provides sequence control signals for data 
being transferred from memory to an interrupting device (trap-out). The signal flow path 
is shown in figure VI-5. 


The data word is transferred to the W register at the beginning of the memory cycie. 
TDOX +, a sequence signal generated by the DMA, gates the data word onto the A bus, 
and from there automatically to the C bus. It is then gated onto the E bus for transfer to 
the requesting device by EBDX+. This signal is generated in the CPU as a result of 
EBD1- from the DMA. 


1.5 UNINTERRUPTABLE SEQUENCES 


Certain restrictions regarding the use of traps or interrupts by devices must be 
considered by the programmer when preparing program routines involving traps or 
interrupts. This section describes the conditions under which interrupt and trap requests 
are not recognized. 


If two or more trap or interrupt requests occur on the same trailing edge of the interrupt 
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Figure VI-5. Trap-Out Data Path 
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clock (1UCX-1), the system priority scheme determines which interrupting device has the 
highest priority and allows only that interrupt or trap request to remain. 


Interrupt or trap requests can be raised by an external device only on the trailing edge of 
IUCX-1. When a trap or interrupt request has been recognized, |UCX-I is held true for the 
remainder of the trap or interrupt operation. Thus, it is impossible for a trap or interrupt 
request to occur while a current trap or interrupt is in process. 


1.5.1 Interrupt Requests 


When program loops contain only uninterruptable instructions, interrupts cannot occur. 
Thus, when recognition of an interrupt is imperative (such as with the PF/R), at least one 
No Operation (NOP) instruction must be added to such loops. Two NOP instructions are 
required after two or more external control (EXC) instructions. 


The conditions under which interrupt requests are not recognized are listed below, with 
the significant inhibiting term in each case given in parentheses. 


a. During the operand cycle of an Increment Memory and Replace (INR) 
instruction (FEIX + ). 


b. At the beginning of a Halt (HLT) instruction (FEIX + ). 

c. During addressing cycles (including indirect addressing) that occur during jump, 
jump and mark, execute, or sense instruction when the jump condition is met 
(JCMX-). 

d. During any I/O instruction (K3XX-). 


e. Until at least one interruptable instruction has occurred after an EXC 
instruction (FRCX-). 


f. During any shift instruction [ (K2XX + » AC4X +) negated ]. 
g. . During a shift that is a part of a multiply or divide operation (SHC3-). 


h. For one cycle immediately following a shift operation during which a trap 
occurred (TOSX-). 
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i. Quring a manual step (SOPX-). 

j. In step mode, i.e., when halted (ROHX-). 

k. When a manual or programmed halt is in process (HTCX-). 
|. Until run mode has been fully entered (STRX-). 


m. At times other than during the timing window consisting of phase clock false 
and fetch instruction true (PHCX-, FEIX + ). 


1.5.2 Trap Requests 


The. following are the conditions under which trap requests are not recognized, with the 
Significant inhibiting term in each case given’ in parentheses at the end of each 
statement. 

a. During the data transfer portion of any !/O instruction (FRCX-). 

b. During the operand access portion of an INR instruction (IMCX-). 

c. During a manual step (SOPX-). 


d. When halted (EPHX + ). 


e. At times other than during the timing window consisting of phase clock true and 
execute phase true (PHCX +, EPHX + ). 
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SECTION 2 _ 
INTERFACE DATA 


2.1 GENERAL 


This section describes 1/O interface, trap and interrupt sequences, and CPU interface 
Signals. 


2.2 1/0 INTERFACE 


The DMA/I interfaces with the devices via the |/O bus using the standard E bus lines 
(EBXX) plus the following control lines: IUAX-I, IURX-I, TPOX-I, TPIX-I, IUCX-I, and 
IUJX-l. The lines are logically true at OV and _ logically false at +3V. A total of ten 
receivers or drivers can be connecteci to each control line. 


2.2.1 Interrupt Acknowledge (IUAX-I) 


This control signal is set true by the CPU to acknowledge the receipt of an interrupt, a 
trap-in, or a trap-out. The interruptirg or trapping device can transfer an address to the 
computer and receive data from or send data to the computer only when this control 
signal is true. IUAX-| also inhibits device address decoding in every device during the 
address phase of an interrupt or DMA operation. This prevents the device from 
interpreting the lower-order bits of a rnemory address as a device address. 


2.2.2 Interrupt Request (IURX-1) 


By setting IURX-| true, the interrupting device requests the CPU to execute an 
instruction. The address of this instruction is placed on the E bus by the interrupting 
device upon receipt of IUAX-I from the computer. 


2.2.3 Trap-out Request (TPOX-1!) 


By setting TPOX-| true, the trapping device requests the CPU to transfer one word of data 
from memory. The address of this word is placed on the E bus by the controller upon 
receipt of IUAX-1 from the computer. 
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2.2.4 Trap-In Request (TPIX-1) 


By setting TPIX-| true, the trapping device requests the CPU to transfer one word of daia 
to memory. The address of this word is placed on the £ bus by the device upon receipt of 
IUAX-| from the computer. 


2.2.5 - Interrupt Clock (IUCX-l) 


This control signal is a 0.58-MHz clock from the CPU and is disabled by IUAX-I. When 
IUAX-I is false, the clock is present on the IUCX-I line. When IUAX-/ is true, IUCX-I is held 
true. The true-to-false transition of |UCX-I sets the request flip-flops (JURX-Il, TPOX-I, and 
TPIX-1) in. the respective device. 


2.2.6 Interrupt Jump (IUJX-I) 


This control signal from the CPU inhibits interrupts from PIMs that occur after a jurmp 
and mark instruction when that instruction is the result of an interrupt request. This 
signal becomes true 1.425 microseconds from the false-to-true transition of IUAX-| and 
remains true for 237.5 nanoseconds (the PIM stays inhibited and is re-anabled under 
program control). 


2.3 TRAP-OUT AND TRAP-IN SEQUENCES 


A controller communicating with the DMA must generate or respond to the following 
signals: IWAX-1, TPOX-l, TPIX-1, 1UCX-l, FRYX-], DRYX-1, and EBNX-I, plus Priority-In 
(PRMX-1) and Priority-Out (PRNX-!) signals. The trap-out and trap-in sequences contain 
three phases: request, address, and data. Refer to figures VI-6 and VI-7 during the 
description. 


2.3.1 Request Phase 


The requesting device having the highest priority generates a cycle-stealing request (sets 
TPOX-| or TPIX-I true) on the trailing edge of |UCX-1 and waits for JUAX-| from the 
computer. 


2.3.2 Address Phase 


IUAX-I is received by the requesting device, thereby holding |UCX-I true. The device then 
places the memory address, into or from which data are to be read, on the E bus and 
waits for the trailing edge of FRYX-I. 
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Figure VI-6. Trap-Out Timing 
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Figure VI-7. Trap-In Timing 
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2.3.3 Data Phase 


At the trailing edge of FRYX-I, the device removes the address from the E bus. Data are 
then placed on the E bus by either the computer or the requesting device. These data are 
gated into the device or into the computer at the trailing edge of DRYX-I. All signals are 
removed from the bus when IUAX-! goes false. _ 


2.4 INTERRUPT SEQUENCES 


A controller communicating with the interrupt circuits must generate or respond to the 
following signals: !UAX-!, IUCX-I, IURX-I, EBNX-I, PRMX-I, and PRNX-I. The interrupt 
sequence contains two phases: request and address. Refer to figure VI-8 during the 
description. | 


2.4.1 Request Phase 


The requesting option having the highest priority generates an interrupt request (sets 
{URX-I true) on the trailing edge of IUCX-I. The option then waits for IUAX-I from the 
computer. 


2.4.2 Address Phase 


When the CPU recognizes the request, it sets IUAX-I true, thus holding IUCX-I true. Upon 
receipt of IUAX-I from the computer, the requesting option places the address containing 
the instruction to be executed on the E bus. The instruction at this address can be any 
except an 1/O instruction. In the case of a two-word instruction, the CPU ORs a one into 
bit O of the second word, making this address an odd number. The address placed on the 
E bus by the requesting option must be an even number. If the instruction is JMPM, the 
device receives IUJX-I from the computer. |UJX-I resets the master enable in every option 
capable of making a request (except the RTC), thereby inhibiting further interrupts from 
these options during the subsequent subroutine. The address phase ends when IVAX-I 
becomes false. All signals are removed from the bus at this time. 


2.5 CPU INTERFACE SIGNALS 


Signals from the CPU to the DMA/I are described in table VI-1. Signals from the DMA/I to 
the CPU are listed in table VI-2. 
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Figure VI-8. Interrupt Timing 
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Table Vi-1. DMA Signals from the CPU 


Signal 


ACOX + 
AC2X + 
AC4X + 
CLIX + 
DRYX + 
EJIX- 
EPHX: 
FEIX + 
FRCX- 
FRYX + 
HTCX- 
JAPX + 
IMCX- 
JCMX. 
K1XX + 
K2XX + 
K3XX + 
MCLX + 
PHCX. 
ROHX + 
SHC3- 
SHFX- 
SOPX: 
SYRT + 
WXXX- 


Description 


Address code 0 

Address code 2 

Address code 4 

Clock 1 

Data Ready 

Execute jump instruction 
Execute phase instruction 
Fetch instruction 

Function ready control 
Function ready 

Halt control 

Instruction cycle address phase 
Increment memory 

Jump condition met 

Class code 1 

Class code 2 

Class code 3 (any I/O instruction) 
Master clock 

Phase clock 

Reset on halt 

Shift control enable 

Shift 

Stop 

System reset 

W register bits 00 through 17 
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Table VI-2. DMA Signals to the CPU 


Signal 


ABXX- 
CWI1X- 
EBD1.- 
EBR1- 


EMRX +, EMRX- 


FCYX- 
ICLX- 

AX: 
IUAX +, IUAX. 
IUCX + 
1UJX + 
MDN2 + 
PHC3- 
SWIX. 

TAIX- 

TDIW. 
TOSX. 

TRSC- 


Description 


A bus bits 00 through 17 


Clear W register 

E bus drive 

E bus receive 

E and M bus receive 
Full cycle 

Inhibit clock 

Increment interrupt address 
Interrupt acknowledge 
Interrupt clock 
Interrupt jump 
Multiply/divide negative 
Phase clock inhibit 

Set W register 

Trap address in 

Trap data in write 
Trap on shift 

Trap start clock 


VI-17 


CHAPTER VI 
DIRECT MEMORY ACCESS AND INTERRUPT 


‘ 


SECTION 3 
THEORY OF OPERATION 


3.1 GENERAL 


The theory of operation for the DMA-| is divided into three functional 
elements: interrupt/trap detection, interrupt trap sequencer, and data output gating. 
The DMA/I logic diagram 9100362 should be referred to during the description. 
Throughout the description, logic diagram locations of the mnemonics are given in 
parentheses. For example, TPRX- (1C1) means that TPRX- appears on sheet 1 in zone Cl 
of the logic diagram. The DMA/I mnemonics are described at the end of this section. 


3.2 INTERRUPT/TRAP DETECTION 


When IURX-! (1C4) is received on the I/O bus, it is inverted to form IURX+, which 
enables the interrupt detection logic. An interrupt will then be detected at the first 
Master Clock (MCLX+) (1C3) when Phase Clock Minus (PHCX-) (2D8) and Fetch 
Instruction Cycle (FEIX +) (1D5) are both true, provided no inhibiting condition exists. 
When detection occurs, the first sequencer flip-flop (ICLX) (1C3) ts set. 


When TPOX-I or TPIX-1 (1C2) is received on the I/O bus, it produces TPOX+ or TPIX+, 
which enables the trap detection logic. A trap will then be detected at the first MCLX + 
when PHCX+ (2D7) and Execute Phase (EPHX +) (1C5) are both true, provided no 
inhibiting condition exists. When detection occurs, flip-flop ICLX is set. 


3.3 INTERRUPT/TRAP SEQUENCER 
The interrupt/trap sequencer functicns consist of three sections: interrupt, trap out, 


and trap in. 


3:31 Interrupt 


The description of the interrupt function of the interrupt/trap sequencer is presented in 
terms of MCLX + periods. Refer to figures VI-9 and VI-10 for the interrupt flow diagram 
and the interrupt timing diagram, both of which reference the appropriate MCLX + 
periods. 


During clock period 1, both FEIX + ard PHCX: are true, |URX + is true, and no interrupt 
inhibits are present. 
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On the trailing edge of MCLX + at the beginning of period 2, the Inhibit Clock (ICLX) 
(1C3) flip-flop is set. The Interrupt Acknowledge (IUAX) (1C6) flip-flop is immediately set 
by ICLX + (1C7) going true. Interrupt Clock (IUCX + ) (1B4) is held true for the duration 
of IUAX +. ICLX- (1C3) prevents Clock 1 (CL1X + ) (1B7) from occurring at the end of this 
period. 


The ICLX flip-flop is reset on the trailing edge of MCLX+ at the beginning of the third 
period. This removes the dc set from the IUAX flip-flop and prevents the IUAX (1C6) flip- 
flop from setting. The IUAC flip-flop is not used in the interrupt sequence. Also, on the 
trailing edge of the third master clock pulse, Interrupt/Trap Timing flip-flop 1 (IT1X) 
(2D7) is set. This, in turn, causes the E and M Bus Receive (EMRX-) (1B2) signal and the 
Trap Address In (TAIX-) signal to go true. EMRX- clears the arithmetic unit of the 
computer momentarily to allow the interrupt address to be received from the |/O bus. 
TAIX- (2D5) generates the E Bus Receive (EBRX +) signal, which gates the interrupt 
address from the |/O bus onto the C bus. TAIX- also generates SETL+, which sets the 
interrupt address into the L register from the C bus. . 


Function Ready (FRYX+) goes true at the beginning of clock period 4. Neither the 
interrupt circuits nor the requesting option use FRYX+ during an interrupt. 


On the trailing edge of the master clock at the beginning of clock period 5, flip-flop 1T1X 
is reset and flip-flop IT2X (2D6) is set. EMRX- and TAIX- go false, removing EBRX +, 
SETL+, and FRYX+.A Memory Start Clock (MSCX +) is also issued on the trailing edge 
of master clock. This pulse initiates a memory cycle to bring the instruction at the 

interrupt address into the W register. During the first two of the four clock periods 
required for the memory cycle, the interrupted instruction is executed. 


At the beginning of clock period 7, the interrupt instruction is set into the U register from 
the W register. Also, on the trailing edge of the master clock from the previous period, the 
IT1X flip-flop is again set. If the interrupt instruction is a one-word instruction, it is 
executed on the following cycle (beginning at the end of the eighth clock period). If the 
instruction is a two-word instruction, the Increment Interrupt Address (IIAX-) (2C6) signal 
and E1RX- go true. EMRX- again clears the arithmetic unit. IIAX- causes EBRX + to again 
go true to gate the interrupt address onto the C bus from the |1/O bus. At the same time, 
I1AX- ORs a one into bit 0 on the C bus via the A bus. By this method, the interrupt 
address is incremented to form the address of the second word of the two-word 
instruction. The address is placed in the L register at the end of the eighth period by 
CLIX +, which results in SETL+. If the two-word instruction is a JMPM instruction, 
Interrupt Jump (IUJX + ) (1D6) is issued during the eighth period to inhibit the interrupt 


¢ 
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request capability of the controllers. The interrupt is complete at the end of the eighth 
period. 
| 


3.3.2 Trap Out 


The description of the trap-out function of the interrupt/trap sequencer is presented in 
terms of MCLX + periods. Refer to figures VI-11 and VI-12 for the trap flow diagram and 
the trap timing diagram, both of which reference the appropriate MCLX + periods. 


During clock period 1, both PHCX + and EPHX + are true, Trap Request (TPRX +) (1C1) 
is true, and no inhibits are present. 


On the trailing edge of MCLX + at the beginning of period 2, flip-flop ICLX is set and it 
remains set for the duration of the trap. ICLX+ is inverted to form the Multiply/Divide 
Negative (MDN2 + ) (1D3) signal, which selects the arithmetic bus. It is also inverted to 
form ICLX- (1C2) which inhibits CL1X and CL2X + and holds PHCX + and EPHX + false. 
ICLX + going true immediately sets the IUAX flip-flop until the end of clock period 7. 
1UCX + is held true during this time by IUAX. 


On the trailing edge of MCLX + at the beginning of period 3, flip-flop IUAC is set. This 
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Figure VI-12. Trap Timing Diagram 
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allows the IUAX flip-flop to be reset near the end of the trap sequence while the ICLX flip- 
flop remains set. The trailing edge of MCLX + also sets the first IT1X flip-flop. IT1X- 
produces Phase Clock 3 (PHC3-) (1132). Also, with flip-flop IT2X false, 1IT1X produces 
TAIX. This, in turn, generates in EMRd-, EBRX +, and SETL +. 


EMRX. clears the arithmetic unit of the computer momentarily to allow the trap address 
to be received from the |/O bus. EBRX+ gates the trap address from the |/O bus onto 
the C bus. SETL+ then sets the address into the L register from the C bus. PHC3- 
enables PHCX + during period 4. TAIX- and the resulting signals remain true throughout 
periods 3 and 4. 


During clock period 4, PHCX + and TAIX- combine on processor card 4 (44P0593) to 
form FRYX+. FRYX + is gated with MCLX + in the trap sequencer to form the Clear W 
Register (CW1X-) (1A5) and Trap Start Clock (TRSC-) (1B4) signals. CW1X- clears the W 
register. TRSC- initiates a computer memory cycle. During the first two clock periods of 
the four required for this memory cycle, the contents at the trap address are brought out 
of memory and into the W register. FRYX + also goes out on the I/O bus to signal the 
requesting device controller to remove the trap address from the E bus. 


On the trailing edge of MCLX + at the beginning of clock period 5, flip-flop IT1X is reset. 
Thus, TAIX- goes false and, as a result, EMRX-, EBRX+, SETL+, and PHC3- go false. 
Also, on the trailing edge of MCLX +, the second Interrupt/Trap Timing (IT2X) flip-flop 
(2D6) is set. 1T2X + results in EMRX-, Trap Data Out (TDO1-), and E Bus Drive 1 (EBD1-) 
signals. EMRX- again clears the computer arithmetic section. TDO1- enables the data 
output logic, which gates the contents of the W register onto the C bus via the A bus. 
EBD1- generates EBDX +, which gates the contents of the C bus into the 1/0 bus. IT2X + 

and the resulting signals remain true until the end of period 7. 


On the trailing edge of MCLX + at clock period 6, flip-flop IT1X- is again set. IT1X, via 
PHC3-, enables PHCX + on processor card 4. 


During clock period 7, PHCX + is true. PHCX + and EBDX + combine with timing signals 
on processor card 4 to form DRYX +. This signal is sent to the requesting device on the 
1/O bus to clock the data on the I/O E bus into the device. Note that DRYX + for trap-out 
is 170 rather than the normal 237.5 nanoseconds. This ensures that the trailing edge of 
FRYX + occurs before any data are removed from the |/O bus. 


On the trailing edge of MCLX + at the beginning of clock period 8, flip-flops IUAX, IT1X, 


and IT2X are reset. Thus, EBD1, TDOX-, EMPRX-, and EBDX+ go false. IUCX+ goes 
false as IUAX is reset. The requesting device removes TPRX+ (1C1) during this period 
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following .the trailing edge of DRYX+, which occurs before the end of period 7. The 
trailing edge of MCLX+ at the end of period 8 resets flip-flop ICLX to end the trap-out 
sequence. 


3.3.3 Trap In 


The description of the trap-in function of the interrupt/trap sequencer is presented in 
terms of MCLX + periods. The trap-in function during the first three MCLX + periods is 
the same as the trap-out function; therefore, this description starts with clock period 4. 
Refer again to figures VI-11 and VI-12 during this description. 


At the start of clock period 4, PHCX + and TAIX- combine on processor card 4 to form 
FRYX +. FRYX + is gated with MCLX + in the trap sequencer to form CWI1X- and TESC.. 
CW1X- clears the W register and TRSC- initiates a memory cycle. However, this. memory 
cycle serves no useful function in the trap-in sequence. FRYX+ also goes out on the 1/O 
bus to signal the requesting device controller to remove the trap address from the E bus 
and to place the data onto the E bus. 


On the trailing edge of MCLX+ at the beginning of clock period 5, flip-flop I1T1X is reset. 
Thus, TAIX- goes false and, as a result, EMRX-, SETL+, and PHC3- go false. Also, on the 
trailing edge of MCLX+, flip-flop IT2X is set. IT2X+ results in EMRX-, Trap Data In 

(TDI1-) (2B7), and E Bus Receive (EBR1-) (2A7) signals. EMRX- again clears the computer 
arithmetic section. TDI1- generates the Not Full Cycle (i.e., half cycle) (FCYX-) (1A6) 
signal to the memory control card and enables logic for the generation of the Trap Data 

In Write (TDIW + ) (1B7) and Set W Register (STW1-) (1A6) signals. 


EBR1- generates EBRX +, which gates the contents of the 1/O E bus onto the C bus. IT2X- 
and the resulting signals remain true until the end of period 7. 


On the trailing edge of MCLX + at the beginning of clock period 6, flip-flop 1T1X is again 
set. IT1X, via PHC3-, enables PHCX + on processor card 4. IT1X + also sets the TDIW- 
(1A7) latch. TDIW- provides a _ write signal to memory during the remainder of the trap 
sequence. | 


During clock period 7, PHCX + is true. PHCX + and EBRX+ combine on processor card 
4 to form DRYX+. DRYX+ and MCLX+ are gated by TDI1- in the trap sequencer to 
form STW1-, which transfers the data into the W register from the C bus. DRYX 4 is also 
gated by MCLX+ to form TRSC-. TRSC- initiates a clear write half cycle memory 
operation. that stores the contents of the W register in the location specified by the trap 
address in the L register during period 8. 
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On the trailing edge of MCLX + at the beginning of period 8, flip-flops IWAX, IUCX, ITIX, 
and IT2X, as well as TDIW-., are reset. Thus, EBR1-, TDIX-, EMRX-, EBRX +, and FCYX- go 
false. |UCX + goes false as I|UAX is reset. The requesting device removes TPRX + (1C1) 
during this period following the trailing edge of DRYX +, which occurs at the end of 
period 7. The trailing edge of MCLX -- at the end of period 8 resets flip-flop ICLX to end 
the trap-in sequence. 


3.4 DATA OUTPUT GATING 


The data output gating section gates the contents of the W register onto the A bus during 
the data output portion of a trap-out. The Bar Output (WXXX-) (3BCD8) of each W 
register is first inverted and then. NANDed with TDOX from the sequencer logic. The 
NAND gate output is ORed directly to the corresponding bit of the A bus (ABXX). The 
data go automatically from the A bus to the C bus. From there, it is gated onto the 1/0 
bus by EBDX, which occurs as a result of a sequencer output (EBD1-) (2B7). 


3.5 MNEMONICS 


DMA/I mnemonics, with their definitions, are listed alphabetically in table VI-3. 


Table VI-3. Mnemonic List 


Mnemonic Definition 

ABOO through Arithmetic Bus Bit 0 through 17: This bus 

AB17 has memory data applied to it on trap-out. 

ACOX + Address Code 0: This signal, detecting 
XXOXXX, inhibits a trap request during a 
halt. 

AC2X + Address Code 2: This signal, detecting 


XX2XXX, gates the interrupt jump signal, 
(the interrupt instruction is a JMPM). 


AC4X + Adciress Code 4: This signal, detecting 


'XX4XXX, inhibits an interrupt request if 
a shift instruction is in process. 
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Table VI-3. Mnemonic List (continued) 


Mnemonic Definition 
CLIX + Clock One: Resets trap on shift flip-flop. 
DRYX + Data Ready: Starts write cycle of trap data 


in and acts as a set strobe for the W register 
on trap-in operations. 


EBR1- E Bus Receive: Selects time when data are 
input on trap operation. 


EBD1.- E Bus Drive: Selects time when data are 
output on trap operation. 


EJIX- Execute Jump Instruction: Decodes JMPM on 
interrupt. . 
EMRX- E and M (Memory Bus) Receive: Clears the 


arithmetic unit momentarily for the passing 
of data from memory to |/O cable or I/O 
cable to memory. 


EPHX Execute Phase: Separates memory cycle into 
execution phase and address phase; used in 
timing trap detection. 


FCYX- Full Cycle (Memory): When this signal is 
false, the memory requires two start clocks 

for operation, first read and second read 
or write depending upon the operator. This 
signal delays the write operation on trap-in. 


FEIX + Fetch Instruction: Enables ICY and used in 
timing interrupt operations, to turn off trap- 
on shift, and to determine if interrupt in- 
struction is single or double word. 


FRCX- Function Ready Control: Prevents interrupt 
on instructions following external control. 


FRYM+ Function Ready: Gates memory start clock for 
trap output and input. 
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Mnemonic 


HTCX- 


IAPX + 


ICLX- 


IlAX- 


IMCX- 


ITIX+ 


IT2X + 


IUAC- 


IUAX + 


IUCXK + 


IUJX + 


Table VI-3. Mnemonic List (continued) 


Definition 


Halt Control: Output of halt control flip- 
flop; inhibits interrupts during a halt. 


Instruction Address Phase: Decodes inter- 
rupt jump and inhibits interrupts during 
shift. 


Inhibit Clock: Inhibits phase clock, clock 1, 
and clock 2 during selected portions of inter- 
rupt and trap. Gates set pulse to interrupt 
or trap acknowledge. 


Increment Interrupt Address: Adds one to 
interrupt address when interrupting to 
double-word instructions. 


Increment Memory Control: Inhibits trap 
request during increment memory operations. 


Interrupt/Trap Timing 1: Provides timing 
for interrupt and trap operations. 


Interrupt/Trap Timing 2: Provides timing 
for interrupt and trap operations. 


Iriterrupt Acknowledge Control: Allows re- 
setting of interrupt acknowledge prior to 
the resetting of inhibit clock during trap 
operations. 


Interrupt Acknowledge: Provides timing for 
internal and external control during inter- 
rupt and trap operations. 

Iriterrupt Clock: Provides external clock 

to control interrupt and trap request 


sequencing. 


Interrupt Jump: An external signal gen- 
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Mnemonic 


IURX + 
JCMX- 

KIXX + 
K2XX + 


K3XX + 


MDN2 + 
PHC3- 
PHCX- 


ROHX + 


SHC3- 


SHFX- 


SOPX- 
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Table VI-3. Mnemonic List (continued) 


Definition 


erated when the interrupt instruction is 


JMPM; disables the PIM. 


Interrupt Request: External input 
requesting interrupt sequence. 


Jump Condition Met: Inhibits interrupts 
during JMP. 

Class 1: True for all single-word addressing 
instructions; decodes IIAX. 


Class 2: Decodes shift instructions so that 
interrupt sequences can be inhibited. 


Class 3: Decodes all |/O instructions; 
prevents interrupt detection during !/O 
instructions. 


Multiply Divide Negative: Selects arithmetic 
bus during interrupt or trap. 


Phase Clock 3: Phase clock gate signal to 
control phase clock during trap operations. 


Phase Clock: Decodes interrupt jump and 
timing of trap operations. 


Reset on Halt: Resets control flip-flops. 


Shift Control Gate 3: Enables SHCX+ cn shift 
instructions to inhibit interrupt detection. 


Shift: Enables shift operation on shift, 
multiply, and divide operations; enables 
trap-on shift flip-flop if a trap occurs 
during a shift operation. 


Stop: Provides control for manual halt and 
step operations; inhibits interrupt during 
step operation. 
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Mnemonic 


STRX. 
STW1- 
SYRT + 
TAIX- 
TDIW. 
TOSX. 
TPIX + 


TPOX + 


TPRX + 
TRSC- 


WOOX- through 
W17X- 


Table Vi-3. Mnemonic List (continued) 


Definition 


Start: Provides control for manual step and 


_rurn; inhibits interrupt during step operation. 


set W Register: Sets the W register during 
a trap-in. 


System Reset: Front panel switch to initialize 
system. 


Trap Address Input: Selects time when address 
is input on trap or interrupt operations. 


Trap Data In Write: Provides write signal to 
memory on second half-cycle of trap-in. 


Trap On Shift: Detects and stores trap on 
shift, multiply, or divide; readdresses next 
instruction. 

Trap Input: External trap input signal. 


Trap Output: External trap output signal. 


Trap Request: Provides trap request signal 
frorn TPOX and TPIX. 


Trap Start Clock: Initiates memory cycles 
during trap-in and trap-out. 


Memory Word Buffer: Bits 00-17 gate data on 


trap output from memory data register to 
A bus. 
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SECTION 4 
MAINTENANCE 


4.1 GENERAL 


There are no adjustable components, such as variable resistors or capacitors, on the 
DMA/I circuit card. This section provides simple test programs and procedures to assure 
satisfactory DMA/I operation. During the tests, disconnect the !/O cable from card slot 
26 of the computer mainframe. 


4.2 TRAP-OUT TEST 


The trap-out test assures that the trap-out function of the DMA is operating satisfactorily. 


a. Load the following program into the indicated memory addresses. 


Memory Octal 

Address Code Description 

000 052525 Bit pattern 0 101 010 101 010 101 
100 005000 NOP 

101 005000 NOP 

102 005000 NOP 

103 005000 NOP 

104 001000 JMP to address 100 

105 000100 


b. Set the P register to 000100 and start the program. by pressing the RUN switch 
on the computer console. 


c. Ground the TPOX-I signal at pin 37 of DMA/I| card slot 15. This simulates a trap- 


out signal from a device requesting the computer to transfer one word of data 
from memory. 
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d. Sync oscilloscope to DRYX + at pin 24 of slot 13 in the computer mainframe. 
With the oscilloscope, check logic levels of EBOO-! through EB15-I to confirm the 
bit pattern (0101010101010101) stored at memory address 0. Refer to table VI- 
4 for 1/O connector pins and logic levels of the E bus signals. 


e. Halt the program and load the inverse bit pattern (1010101010101010) into 
memory address 0. 


f. Start program by pressing the RUN switch on the computer control panel. 


g. Confirm again the logic levels of EBOO-| through EB15-1, this time for the inverse 
bit pattern. 


Table VI-4. Pin Assignments and Logic Levels for I/O Lines 


Signal Slot 26 052525 Bit Pattern 0125252 Bit Pattern 
EBOO-| 2 i 0 
FRO1-! 4 () ] 
EBO2-1 6 i 0 
EBO3-| 8 () 1 
EBO4-| 10 t 0 
EBO5-| 11 () ] 
EBO6-| 12 L 0 
EBO?-I 13 () ] 
EBO8.-I 14 { 0 
EBO9-| 15 () ] 
EB10-| 16 i 0 
EB11-1 17 0 ] 
EB12-| 18 | 0 
EB13- 19 0 1 
EB14-| 20 | 0 
EB15- 21 () 1 
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The trap-in test assures that the trap-in function of the DMA is operating satisfactorily. 


a. 


Load the following program into the indicated memory addresses. 


Memory 
Address 


100 
101 
102 
103 
104 
105 


Octal 
Code 


005000 
005000 
005000 
005000 
001000 
000100 


Description 


NOP 
NOP 
NOP 
NOP 
JMP 


Set the P register to 000100 and start the program by pressing RUN on the 


control panel. 


Ground the TPIX-I signal at pin 38 of DMA/I| card slot 15. This simulates a trap- 
in signal from a device requesting the computer to transfer one word of data to 


memory. 


Ground any line of EBOO-| through EB15-| (except EBO6-1) on card slot 26 (refer 
to table VI-4). EB06-1 must not be grounded because the program is stored at 


that address (000100). 


Halt the program by pressing STEP. Data should have been transferred from the 
E bus to memory. The data and memory addresses depend on the grounded 
EBXX-I pin. The data and memory addresses for the EBXX-I lines are listed in 


table VI-5. 
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Table VI-5. Memory Address and Data for Grounded EBxx-! Lines 


Signal Address Data 
EBOO-I 000001 000001 
EBO1.-| 000002 000002 
EBO2.| 000004 000004 
EBO3-:| 000010 000010 
EBO4.-| 000020 000020 
EBO5.-1 000040 000040 
EBO6.-I* 000100* 000100* 
EBO7-| 000200 000200 
EBO8-:1 000400 000400 
EBO9-| 001000 001000 
EB10-| 002000 002000 
EB11-! 004000 004000 
EB12-1 010000 010000 
EB13-1 020000 020000 
FB14.-| 040000 040000 
EB15-1 100000 100000 


Do not ground EBO6-1!. 


VI-34, 


4.4 INTERRUPT TEST 


CHAPTER VI 


DIRECT MEMORY ACCESS AND INTERRUPT 


The interrupt test assures that the interrupt circuits are operating satisfactorily. 


a. Load the following program into the indicated memory addresses. 


Memory 
Address 


000 
001 
050 
051 
052 
100 
101 
102 
103 
104 
105 


Octal 
Code 


001000 
000052 
004206 
000000 
000000 
006010 
000707 
005000 
000500 
001000 
000100 


Description 


JMP to address 50 
Address 

Shift A register left six places. 
Halt 

Halt 

Load A register immediate. 
Data 

NOP 

NOP 

Jump to address 100. 
Address 


b. Clear the A, B, and X registers and set the P register to 00100. 


c. Start the program by pressing RUN. 


d. Momentarily ground IURX-! at pin 46 of slot 26. This simulates an interrupt request 
fram an option. The program should stop and the A register should contain 070700. 
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SECTION 1 
THEORY OF OPERATION 


1.1 GENERAL 


The 620/L power supply (83P0035) provides all dc voltages required by the 620/L-100 
computer. The regulated dc outputs of the supply are: 


a. +5V at O to 17 amperes 
b. -5V at 0 to 2 amperes 
c. .+12V at 0 to 6 amperes 
d. -12V at 0 to 4 amperes 


Application of dc power to the computer is controlled by the power switch on the 
computer control panel. 


The power supply contains overcurrent protection circuits that prevent component 
damage in the event that one or more of the outputs is connected across a short circuit. 
When the short circuit is removed, the dc outputs automatically return to normal. The 
+5-volt output is also protected against an overvoltage condition whereby a low 
impedance is placed across the load when the output rises above 6.2 volts. A circuit 
breaker provides protection against overloads or shorts within the power supply. 


1.2 SPECIFICATIONS 
620/L power supply specifications are listed in table VII-1. 


13 MAJOR ASSEMBLIES 


The major electronic assemblies of the power supply are illustrated in figure VIl-1. The 
power supply contains three types of circuit cards: 
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a. Regulator card (44P0528) - This card contains voltage regulator circuits for the 
four dc outputs. 


Heat sink cards (44P0518) - The power supply contains four heat sink cards; 


each one contains two power transistors (or pass transistors) mounted on a 
heat sink. 


c. Power supply card (44P0526) - This card contains various electronic components 


and card connectors J1 through J5 to accommodate the heat sink and regulator 
cards. 
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Table Vil-1. Power Supply Specifications 


Parameter 

Ambient temperature range 
(free air, no forced air 
cooling) 


Adjustable voltage range 


Dc isolation 


Ripple 


Transient response 


Input line frequency 
Input line voltage 
Input line current 


Line regulation (+12 and 
-12V dc) 


Line regulation (+5 and 
-5V dc) 


Load regulation (+5 and 


-5V dc) 


Load regulation (+12 and 
-12V dc) 


Specification 


0 to 55 degrees C 


+5 percent 
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100 meg ohms minimum from primary to all 


other windings and chassis 


0.05 percent maximum peak-to-peak 


50 usec maximum for 50 percent change 


in load (note 1) 


47 to 63 Hz single phase 


105 to 125V ac or 210 to 250V ac 


5 amperes ac, full load 


10 mV maximum for 105 to 125V ac line 


change at one-half of full load 


10 mV maximum for 105 to 125V ac line 


change at one-half of full load 


35 mV maximum for 50 percent load change 
at 115V ac input (measured at power 


supply terminals) 


40 mV maximum for 50 percent load change 
at 115V ac input (measured at power 


supply terminals) 
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Table VII-1. Power Supply Specifications (continued) 


Parameter 


Relay turn on/off transient 
at output terminals © 


Fan output terminals 


Total regulation 


+5 and -5V dc 
+12 and -12V dc 


Power supply dissipation 
Qverload protection 
Over-voitage limit, 
including overshoot 


(+5V supply only) 


Short circuit current 


Specification 


250V peak maximum 


105 to 125V ac regardless of input AC 
voltage range 


Regulation includes the combined effects 
of ripple, transient loads, dc loading 
from 0 to 100 percent, line voltage and 
frequency change, temperature, long term 
stability over 8 hours and all other 
sources 


4 percent maximum 
2 percent maximum 


450 watts maximum 


Electronic current limit with automatic 
recovery 


5.7V dc minimum, 7.5V dc maximum 


Voltage Short circuit current 
+5 Less than 6 amperes 
=5 Less than 3 amperes 
+12 Less than 3 amperes 
-12 Less than 2 amperes 


The short circuit current shall in all 
cases be less than the full load current 
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Table Vil-1. Power Supply Specifications (continued) 


Parameter Specification 


Data guard sense voltage ; 15.5V +5 percent; measured open circuit 
at 105V ac input line voltage. The source 
will have a 1500-ohm series resistor and 
shall be capable of driving a minimum 
external load of 1800 ohms 


Note 1: Transient response is defined as the time required for the output voltage to 
return within the dc load regulation specification. 


‘ “ 


1.4 INPUT CIRCUIT 


Refer to power supply schematic 95E0818 and the simplified input circuit schematic 
(figure VII-2). The ac-power cable contains a black wire which is hot, a white wire which is 
neutral, and a green wire which is the chassis ground. Circuit breaker CB1 is connected 
to the black wire to provide. protection against overloads or shorts within the supply. 
Capacitors C14 and C15 reduce input noise; and resistors R19 and R20 drain off the 
capacitor charge when the power cable is removed from the ac line voltage. 


The ac line voltage is applied to pins 3 and 4 of terminal board TB1 enabling power relay 
K1 to be controlled by the power switch on the computer control panel. The hot ac line is 
routed through a jumper connected between pins 3 and 7 on the J30 connector to one 
end of the relay coil. The neutral ac line is routed through connector J30, the computer 
power switch, and the power supply jumper (A to B or A to C), to the other end of the 
relay coil. The power supply jumper is connected between points A and B for 115-volt 
operation, and between A and C for 230-volt operation. Relay Kl, an ac relay, is energized 
with a pulsating dc voltage provided by diode CR16. Diode CR15 allows relay current to 
continue flowing during the off time of CR16. | : 


When relay K1 is energized, ac line voltage is applied to the primary of power transformer 


t 
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(P/N 44P0526) 
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FAN 


-12V HEAT SINK (P/N 44P0518) 
+12V HEAT SINK (P/N 44P0518) 

+5V HEAT SINK (P/N 44P0518) 

+5V & -5V HEAT SINK (P/N 44P0518) 


REGULATOR CARD 


(P/N 44P0528) 
KI 


HEAT SINK 
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wT NOTE: 11 AS SHOWN IS WIRED FOR 115-VOLT OPERATION. 
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CHASSIS 
GROUND 


TBI 
ee 
.@ 
Cl4 
.047 R19 
q pF 2.2M 
C15 ; 
.047 R20 
pFR 2.2M 
" ® 
} 


I computer | 


| POWER | 
[SWITCH J 
115V 
FAN 


NOTE: JUMPERS ARE CONNECTED FOR 115 VOLT OPERATION 


VTI1-1220 
Figure VII-2. Simplified Input Circuit Schematic 
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Tl. For 115-volt operation, jumpers connect pins 1 to 3 and 2 to 4 of the transformer: this 
places the two primary coils in parallel. For 230-volt operation, one jumper connects pin 2 
to pin 3 of the transformer; this places the two primary coils in series, resulting in 115 
volts across each. 


Fan Bl, which operates on 115 volts, is connected across one of the primary coils of T1 SO 
that it receives 115 volts regardless of the transformer jumper connections. The other 
primary coil of T1 is connected across pins 1 and. 2 of the terminal board to provide 115 
volts for the fans in the computer. Capacitors Cl and C2 are connected across the 
transformer primaries to reduce the amount of radio frequency interference emanating 
from the supply. 


1.5 RECTIFIER AND FILTER CIRCUITS 


Refer to power supply schematic 95E0818 and the simplified schematic of figure VI!-3. 
Power transformer T1, along with the rectifier and filter circuits, provides unregulated dc 
voltages (raw voltages) of the correct magnitude to drive the regulator circuits. Typical ac 
voltage values at the secondary taps of T1 (refer to figure VII-3) are: 


a. Positive and negative 12-volt windings; 15.5V rms 
b. Positive and negative 5-volt windings; 9.3V rms 
c. Positive 12-volt boost winding; 7 rms with respect to the positive 12-volt output 


The boost voltage provides operating power for the +12-volt regulator. The + 12-volt 
regulator provides operating power for the + 5-volt regulator which, in turn, provides 
power for the — 5-volt and — 12-volt regulators. 


The rectifier and filter circuits convert the ac outputs of T1 to full-wave rectified voltages 
containing less than 2 volts peak-to-peak ripple at full load. The filter capacitors also 
provide the 2 milliseconds of energy storage required after a power-down condition. 


Because of the large current requirements of the +5-volt and +12-volt outputs, the 
diodes for these circuits (CR1, CR2, CR3, and CR4) are mounted on a heat sink (part 
number 17A0019-002). The diodes “or the Data Guard, -5-volt, and -— 12-volt circuits 
(CR12, CR14, CR8, CR9, CR5, and CR6) are located on the power supply card; the diodes 
for the boost voltage are on the regulator card. 
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1.6 REGULATOR CIRCUITS 


Drawing 91D0318 is the schematic for the regulator circuits. A regulator circuit is 
provided for each of the four dc outputs. 


Each regulator circuit contains a Fairchild uA723C IC voltage regulator which drives the 
base of a transistor driver. The driver output is connected to the base of one or more pass 
transistors on the heat sink cards (44P0518). The +12-volt and — 12-volt regulator 
circuits ('C4, Q5, and IC1, Q1) each drive two pass transistors. The +5-volt regulator 
circuit (IC3 and Q3) drives three pass transistors; the - 5-volt regulator circuit (IC2 and 
Q2) drives one. Figure VII-4 is a schematic of the +12-volt regulator circuit and its 
associated pass transistors (Q1 and Q2). 


A detailed block diagram of the IC voltage regulator is illustrated in figure VII-5. The 
temperature-compensated reference voltage from pin 4 of the IC is coupled through an 
external resistor to the noninverting input at pin 3. The voltage at pin 3 is compared with 
the regulator output that is fed back to the inverting input at pin 2. The reference voltage 
is a Stable dc voltage in the 6.8 to 7.35 range (depending on the individuai IC). 


For the + 5-volt and — 5-volt regulators, the voltage at pin 3 of the IC is adjusted to 5 volts 
witit a potentiometer. This causes the output current at pin 6 to produce a feedback 
voltage at pin 2 equal to the voltage at pin 3 (5 volts). At this time the regulator reduces 
its gain until the output current through the load is sufficient to develop 5 volts. 


For the +12-volt and - 12-volt regulators, the regulator output voltage (instead of the 
reference voltage) is. adjusted with a potentiometer in the voltage divider network 
connected to pin 2 of the IC. 


For the positive voltages (+5 and +12), pin 5 of the IC regulator is common and the 
outputs (emitters) of the pass transistors are the positive output voltages. For the 
negative voltages (- 5 and - 12), pin 5 of the IC regulator is the negative output voltage 
and the outputs (emitters) of the pass transistors are connected to common through the 
emitter resistors. 
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V+ EP RLEQUENCY 


8 COMPENSATION 
| 9 


DIFFERENTIAL 
AMPLIFIER 


TEMPERATURE- 
COMPENSATED 


ZENER SERIES PASS 
TRANSISTOR 
6 
V OUT 
VOLTAGE CURRENT OVLD 
REFERENCE i 9 LIMIT SENSE 
AMPLIFIER —— 
AMPLIFIER 
VVIT-1223 
Figure VII-5. IC Voitage Regulator Block Diagram 
1.6.1 Overcurrent Protection 


Overcurrent protection circuits are included in each regulator circuit. Because the 
overcurrent circuits are similar, only the one for the +12-volt regulator circuit is 
described (refer to figure VII-4). 

The overcurrent circuit consists of the following components: 


a. R15 and R17 to provide a vcltage drop proportional to output current 


b. R16 and R18 to isolate tre Q1 and Q2 emitters, and sample each emitter 
voltage 


c. R35 to provide a current path to the cathode of CR6 
d. R38 to provide a current source for R16 and R18 
e. CR6 to provide + 3.3 volts with respect to +12 volt output 


f. R36 to provide current to turn on Zener diode CR6 
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g. C4 to sense an overload condition and remove regulator control 


An overcurrent conditon for the + 12-volt circuit occurs when the output current exceeds 
8 amperes (6 amperes output current, 1 ampere to drive + 5-volt regulator, and 1 ampere 
safety factor). Refer to section 1.1 for the maximum current ratings of the other dc 
outputs. The overcurrent condition produces + 0.6 volts at IC4-10 with respect to IC4-1. 
This causes IC4 to reduce its drive current at pin 6. 


The regulator circuit has foldback-current limiting which enables the circuit to produce 
less current when the output is shorted than that produced with a normal load. With a 
normal output of +12 volts, 12.60 volts is dropped across R38 causing approximately 4.7 
milliamperes to flow through it. This current, which comes from the Zener diode through 
R35, would otherwise flow through R16 and R18, thus adding 0.47 volt to the IR drop of 
R15 and R17. With the + 12-volt output shorted, the voltage across R38 is reduced to 0.6 
volt so that only 0.27 milliampere flows through it. This causes the additional current to 
flow through R16 and R18, producing the foldback-current-limiting mode in which only 
2.5 amperes of output current can flow before an overcurrent condition exists (0.6 volts 
between pins 1 and 10 of IC4). The curve for overcurrent characteristics of the + 12-volt 
regulator circuit is illustrated in figure VII-6. The. + 5-volt and - 12-volt regulators have 
similar overcurrent characteristics (refer to the specifications in table VII-1 for short- 
circuit currents). The -—5-volt regulator circuit does not have  foldback-current 
characteristics, but enters instead a constant-current mode. The curve for characteristics 
‘ of this constant-current mode is illustrated in figure VII-7. 


1.6.2 Overvoltage Protection 


The +5-volt supply is protected against an overvoltage condition by an _ overvoltage 
protection circuit. The circuit senses the output voltage and, if it is greater than 6.2 volts, 
places a low impedance across the output load. The overvoltage circuit (figure VII-8) 
consists of a Zener diode and transistor circuit on the regulator card that drives an SCR 
mounted on the heat sink (17A0019-002). 


Under normal conditions (+ 5-volt output), CR3 operates as a reverse-biased diode to 
provide,a high impedance which keeps Q4 off. If the output voltage (+5V SENSE IN) rises 
to 6.2 volts, CR3 goes into its avalanche mode allowing enough current (6 milliamperes) 
to flow through R23 and R24 to turn on Q4. With Q4 conducting, the voltage developed at 
“the junction of R25 and R26 turns on the SCR circuit (Q1) which provides a low 
impedance between the output terminals, reducing the output voltage to approximately 
0.3 volts. 
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Figure VIl-6. Overcurrent Characteristics for the +12-volt Regulator 
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Figure Vil-7. Overcurrent Characteristics for the -5-volt Regulator 
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Figure VII-8. +5-Volt Overvoltage Protection Circuit 
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SECTION 2 
MAINTENANCE 


2.1 PREVENTIVE MAINTENANCE 


Preventive maintenance for the power supply consists of cleaning, inspection, and 
checking of the test point voltages. 


2.1.1 Cleaning 


Severe accumulation of dust and dirt should be blown out of the supply interior with an 
air hose. Ensure that the wire screen adjacent to the fan is also clean and free of objects 
that might impair air flow. It is manciatory to remove any hardware (nuts, washers, etc.) 
that may accidentally drop into the supply. This hardware can usually be removed by 
tilting and shaking the supply. If the top cover is removed, be sure to remove the heat 
sink cards prior to shaking. 


2.1.2 inspection 


With the supply de-energized and the top cover off, the regulator and heat sink cards can 
be removed for inspection. If the carcl-edge connectors are oxidized, they can be cleaned 
with a good quality contact cleaner. Allow the cleaner to dry before replacing the cards. 


The only power supply devices that should show any wear are the power relay and the fan. 
The relay is filtered with a dust cover and normally does not require preventive 
maintenance. However, if the contacts become blackened by arcing, they can be cleaned 
with a good quality contact cleaner and/or a_ fine contact burnishing tool (remove the ac 
power cable before cleaning the conta:ts). 


The fan requires no lubrication as it is lubricated for life at the factory. If fan operation 
tends to slow down or stall due to bearing wear, the fan should be replaced. Before 
replacing a fan, however, ensure that the abnormal operation is not due to some other 
reason such as an obstruction of the rotary blades, a disconnected fan plug, or the lack of 
ac voltage to the fan. 
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’ The supply must not be operated without the fan, although it can operate for up to an 
hour without the cover. During this type of operation, it is recommended that the supply 
be in a horizontal position to prevent the heat sink cards from slipping from their 
connectors. Before replacing the top cover, ensure that the regulator and heat sink cards 
are properly mated in_ their connectors. 


The power cables should be inspected periodically to ensure that they are not under 
abnormal tension in any direction. Check that the cables do not become taut at any point 
when the supply is pivoted downward from its normal rack-mounted position. 


2.1.3 Test Point Voltages 


The four dc output voltages can be monitored and adjusted at test points and 
potentiometers on the regulator card. These test points and potentiometers are accessible 
through openings in the top cover of the supply; the reference designations are: 


Test Point Potentiometer Voltage 
TP1 R5 — ode 
TP2 R17 -5V 
TP3 R32 + 5V 
TP4 R42 +12V 
TP5 “+ Common 


These test points and potentiometers are illustrated on regulator card assembly drawing 
44D0528, logic diagram 91D0318, and in figure II-5 of chapter Il. If the dc voltages 
cannot be adjusted to the proper values, refer to the corrective maintenance information 
that follows in section 2.2 of this chapter. 


2.2 ~ CORRECTIVE MAINTENANCE 


Computer troubleshooting usually consists of isolating a malfunction to either the CPU, 
memory, or the power supply. Incorrect dc voltage readings do not always indicate a 
malfunctioning power supply. This condition could be a short circuit in the CPU or 
memory as well as a fault in the power supply. 
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Computer troubleshooting usually consists of isolating a malfunction to either the CPU. 
memory, or the power supply. Incorrect dc voltage readings do not always indicate a 
malfunctioning power supply. This ‘condition could be a short circuit in the CPU or 
memory as well as a fault in the power supply. 


2.2.1 Resistance Checks 


Table VII-2 lists some resistance checks that are helpful in determining whether an 
incorrect de voltage is caused by the power supply or the computer. The resistance values 
are approximate and can vary slightly depending on the memory size. The checks should | 
be made with an ohm-meter at manframe connector J30 with the dc power cable 
disconnected. If the resistance readirigs agree with the values listed in table VII-2 the 
malfunction is probably in the power supply. 


Table VII-3 lists some resistance checks that are helpful in tsolating a malfunction within 
the power supply. With the dc power cable disconnected from the mainframe, the checks | 
should be made at cable connector P20 with ac power removed from the supply. If these 
resistance checks are correct, the malfunction is most likely one of the following: 

a. An open pass transistor on one of the heat sink cards. 


b. A bad regulator on the regulator card. 


c. A shorted main filter capacitor (C1, C2, C3, C5. C7, C8, C9, C11, C12, C14, or 
ae on the on supply card. 


d. A bad rectifier (CR1, CR2, CR3, CR4, CR5, CR6, CRY, CR12, or CR14) on the 
power supply card. 


If the resistance readings are considerably different than the values listed in table VII-3 
the malfunction is most likely one of the following: 


a. Abad output filter capacitor (C4, C6, C10, or C13) on the power supply card. | 


b. ‘A bad safety diode (CR7, CR10, CR11, or CR13) on the power supply card. - 
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- fete “Table VN-2. Mainframe Connector Resistance Checks 


Function Ste 


4 12 to 
13 to 


ee? 1B to 


. J30 Pins 


L7 


17 


17 


VIH-19 


Ohms (approximate) 


150, one direction 
12, other direction 


150, one direction 
500, other direction 


7Q, one direction 
45, other dtrection 


16, one direction 
4, other direction 


Zero, power switch off 
4,000, power switch on 


Zero, power switch on 
Open, power switch off 


Zero 
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Table VII-3. Power Supply Resistance Checks 
Function P30) Pins Ohms (approximate) 


+12V 12 to 17 500, one direction 
9, other direction 


-12V 13 to 17 500, one direction 
9, other direction 


-5V 15 to 17 1,000, one direction 
9, other direction 


+ 5V 14 to 17 200, one direction 
9, other direction 


2.2.2 Fault Isolation 


When isolating malfunctions it is important to remember that the power supply design is 
based on dependency operation: the +12-volt regulator depends on the boost voltage, 
the + 5-volt regulator depends on the +12 volts, and the - 5-volt and - 12-volt regulators 
depend on the +5 volts. Thus, if something happens to the + 12-volt circuits, the + 5- 
volt, — 5-volt, and — 12-volt circuits are affected. Furthermore, if something happens to the 
+ 5-volt circuit, the — 5-volt and — 12-volt circuits are affected. 


For example, if the output voltages are 


+12V equal to +12V 
+5V equal to +0.7V 
-5V equal to -0.2V 

- 12V equal to -0.2V 


and, if it has been determined that the computer is not causing the problem, the 
probable cause would be in the + 5-volt circuits which provide power for the — 5-volt and 
~ 12-volt sections. In this example, the overvoltage protection circuit is the probable 
cause. 
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Possible power supply failures with probable causes are listed below. 


If there are no dc outputs and the fan is inoperative, probable causes are: 


1. Novac input voltage. Check for voltage at the ac power plug. If no voltage is 
present, check the power and main circuit breaker in the building. lf voltage is 
present, ensure that the power supply circuit breaker is on, the computer power 
switch is on, and the dc power cable is connected to the computer. 


2. Open wire or bad computer power switch. Make continuity check between 
pins 4 and 8 and pins 3 and 7 of mainframe connector J30 as listed in table 
VIl-2. Check the computer power switch wiring. 


3. Power relay Kl inoperative. Remove the top cover of the power supply and 
observe relay action when the computer power switch ts activated. If the relay 
actuates, check the wiring from the relay to the power transformer (the push 
tabs should be fully inserted). If the relay coil does not actuate, check the 
jumper on the power supply card. For 115-volt operation, the jumper connects 
between terminals A and 8; for 230-volt operation, between terminals A and C. 
Check the relay coil for continuity; replace the relay if the coil is open. 


if there are no dc outputs, the fan operates properly, and the Data Guard signal 
is present (approximately 15 volts dc), the probable cause is in the +12-volt 
circuits. Variations of this malfunction are: 


1. The dc outputs are very low or zero. The probable cause is an open + 12. 
volt pass transistor on the heat sink card installed in J2 of the power supply 


card. 


2.- The dc output voltages are too high or zero. The probable cause is a faulty 
+ 12-volt regulator circuit. 
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3. High ripple or no dc outputs. One probable cause 1s an open rectifier (CR3 
or CR4) on the heat sink (17A0019-002). For proper operation, approximately 
20 volts dc should be present at the cathodes of CR3 and CR4 with respect to 
common. Another possible cause is a shorted rectifier (CR3 or CR4) or main 
filter capacitor (C12) on the power supply card. This condition should trip the | 
power supply circuit breaker. 


4. No dc outputs. The probable cause is the absence of the + 12-volt boost 
voltage. There should be 14 voits rms across terminals E20 and E21 of the 
power supply card. Ensure that the transformer push tabs are fully inserted, 
and check the transformer windings for continuity. 


c. If there are no dc outputs except +12-volts, the probable cause is in the +5- 
volt circuits. Variations of this malfunction are: 


1. The +12-volt output is present but the other three outputs are very low or 
zero. A possible cause is an open +5-volt pass transistor on one of the heat 
sink cards installed in J3 and J4 of the power supply card. 


2. The +.12-volt output is. present but the other three outputs are 0.7 volt. A 
possible cause is a shorted +5-volt pass transistor. This would activate the 
overvoltage protection circuit (SCR conducting). 


3. The + 12-volt output is present but the other three outputs are 0.7 or zero volt. 
A possible cause is a shorted SCR in the overvoltage protection circuit. 


4. The +12-volt output is present but the other three outputs contain excessive 
ripple. The probable cause is one of the +5-volt rectifiers (CR1 or CR2) on the 
heat sink. For proper operation, approximately 13 volts dc should be present at 
the cathodes of CR1 and CR2. 


5. The +12-volt output is present but the other three outputs are 0.7 volt, zero 
volt, or ripply only. A possible cause is a bad + 5-volt regulator. 
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If all the dc outputs are present except the — 5-volt output, the probable cause 
is in the — 5-volt circuits. Variations of this malfunction are: 


1. All dc outputs are present except -5 volts, which is very low or zero. The 
probable cause is an open -5-volt pass transistor on the heat sink card 
installed in connector J4 of the power supply card. 


2. All dc outputs are present except —5 volts, which is too high or zero. The 
probable cause is the - 5-volt regulator circuit on the regulator card. 


3. All dc outputs are present but —5 volts contains excessive ripple. The 
probable cause is an open — 5-volt rectifier (CR8 or CR9). For proper operation, 
approximately +8 volts dc should be present at the cathodes of CR8 and CR9. 
Another probable cause is a shorted — 5-volt rectifier (CR8 or CR9) or a shorted 
filter capacitor (C5) on the power supply card. This condition should trip the 
power supply circuit breaker. 


If all dc outputs are present except the -— 12 volts, the probable cause is an 
open — 12-volt circuits. Variations of this malfunction are: 


1. All dc outputs are present except - 12 volts, which is very low. The probable 
cause is an open - 12-volt pass transistor on the heat sink card_ installed in 
connector J1 of the power supply card. 


2. All dc outputs are present except - 12 volts, which is too high or zero. The 
probable cause is a bad — 12-volt regulator circuit on the regulator card. 


3. All dc outputs are present except -— 12 volts, which is zero or contains 
excessive ripple. The probable cause is an open rectifier (CR5 or CR6) on the 
power supply card. For proper operation, approximately +8 volts should be 
present at the cathodes of CR5 and CR6. Another probable cause is a shorted 
rectifier (CR5 or CR6) or filter capacitor (C3) on the power supply card. This 
condition should trip the power supply circuit breaker. 
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f. If-all the dc outputs are present but the Data Guard voltage is not, the probable 
cause is in the Data Guard circuit on the power supply card. Variations of this 
malfunction are: 


1. The Data Guard voitage has excessive 60-Hz ripple or is zero volts. The 
probable cause is an open rectifier (CR12 or CR14) on the power supply card. 
For proper operation, approximately 19 volts should be present at the cathodes 
of CR12 and CR14. 
{ 

2. The Data Guard Voltage has excessive 120-Hz ripple. The probable cause is 
an open filter capacitor (C11) on the power supply card. For proper operation, 
the ripple at the junction of Cll and R12 on the power supply card should be 
less than 5 volts peak-to-peak. 
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CHAPTER Vill 
MNEMONICS 


This chapter presents an alphabetized list of the menmonics that appear on the 620° 
L-100 logic diagrams. Descriptions and source locations are also provided. The location 
information is in parenthesis; it consists of the circuit card number and, when applicable. 
the sheet number of the logic diagram. 


Title Part Number Logic Diagram Number 
Register card 44P0592 91D0356 
Processor control 1 44P0595 91D0359 
Processor control 2 44P0596 91D0360 
Processor control 3 44P0597 91D0361 
Processor control 4 44P0593 91D0357 
DMA and Interrupt 44P0598 91D0362 
Auto Memory Enable/ 44P0237 95C0235 

Disable 
Memory timing control 44P0599 91D0363 
Driver/sink switch 44P0505 91D0283 
Sense/ inhibit 44P0506 91D0285 
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MNEMONICS 
620/L Mnemonics 
Mnemonic Description 
ABOO- to AB15- A Bus Bits 0 to 15 -- Common bus where outputs 
Register card of the adder, shift logic, E bus input, and 
console ar2 ORed to drive the C bus (CB00+ to 
CB15+) 
ACYX + Address Cycle -- Timing function identifying 
Processor control 2 the memory cycles used to obtain an address 
word, i.e., jump, input and output memory, and 
indirect acidressing 
ACOX + to AC6X + Address Codes 0 to 6 -- Decodes the M field (U 
Processor control 2 register bits 9-11) ; 
ANDX+ | AND -- Decodes the U register for the AND and 
Processor control 2 inclusive-OR instructions 
BISE- Bit Store Enable -- Ground true signal to set 
Processor control 4 BISX on a long shift to transfer AO or A15 to. 


the B register 


BISX . Bit Store -- Provides storage of an A register 
Processor control 4 bit for transfer to the B register during long 
shifts and multiply or divide 


CALX + Carry -- Last bit of the adder, bit 15 

Register card 

CANL+ Carry Next to Last -- Bit 14 of the adder 
Register card 

CAOA to CA7A Common /\node Drive A -- Signals from X write or 
Driver/sink switch Y read driver switches for 4K-A cores 

CAOB to CA7B® . Common Anode Drive B -- Signals from X write or 


Driver/sink switch Y read driver switches for 4K-B cores 
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Mnemonic 


CAO5 + 
Register card 


CA11 + 
Register card 


CBOO0+ to CB15+ 
Register card 


CBLX + © 
Processor control 2 


CCOA to CC7A 
Driver/sink switch 


CCOB to CC7B 
Driver/sink switch 


CLEI + 


Processor control 4 ° 


CLRW- 
Processor control 4 


CLIX + 
Processor control 4 


CL2X + 


Processor control 4_ 


DAGS. — 
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620/L Mnemonics (continued) 


Description 


Carry Bit 5 -- Output of. bit 5 to bit 6 
Carry Bit 11 -- Output of bit 11 to bit 12 


C Bus Bits 0 to 15 -- Data bus in the computer 
that supplies data to the operation registers, 
console and outputs to the E bus 


Last C Bus Bit -- Last bit of the C bus. CB15+ 


Common Cathode Drive A -- Signals from X read 
or Y write driver switches for 4K-A cores 


Common Cathode Drive B -- Signals from X read 
or Y write driver switches for 4K-B cores 


Clock Enable -- Enables the primary system clock: 
provides synchronization with PHCX, off during 
HALT, and ICLX 


Clear W Register -- Clears the memory data 
register at the start of a memory operation 


Clock 1 -- Major clock function, identifies 
the start of a memory cycle 


Clock 2 -- Major clock function, identifies 

the midpoints of a memory cycle when data are 
available, or when data can be set into the 

W register . 


Data Guard -- Signal from the automatic 


memory enable/disable circuit; not used in the 
620/L computer 
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Mnemonic 


DIVX. 
Processor control 4 


DRYX + 
Processor control 4 


DRYX.-1 
Processor control 4 


DSCX.- 
Processor control 3 


DXSO to DXS7 
Driver/sink switch 


DYSO to DYS7 
Driver/sink switch 


DOOX to D15X 
Sense/inhibit 


{BOO-| to EB15-1 
Register card 


EBDX + 
Processor control 4 


EBRX + 
Processor control 4 


EIMX + 
Processor control 2 


EJIX- 
Processor control 2 


620/L Mnemonics (continued) 


Description 


Divide -- Indicates the occurrence of a 
divide operation 


Data Ready -- Provides data ready pulse to I/O 
bus; used to gate output data in external 
controllers 


Data Ready -- Pulse on I/O line that is used 
in external controllers to gate in data and to 


terminate the data phase 


Divide Sign Check -- Result of a sign check 
during a divide operation 


Decoded X Sink -- Decoded signals from address 
bits 6, 7, and 8 


Decoded Y Sink -- Decoded signals from address 
bits 9, 19, and 11 


Data Outputs -- Data output signals (inhibit 
lines) from the 16 inhibit drivers 


E Bus Bit O to 15 -- Main input/output lines 
in the computer 


E Bus Drive -- Enables the E bus drivers; 
outputs C bus to E bus 


E Bus Receive -- Enables the E bus to be ORed 
to the C bus 


Execute Immediate -- Controls the transfer of 
U3-6 to U12-15 during an immediate instruction 


Execute Jump Instruction -- Decodes jump, jump 
and mark, and execute instructions 
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EJRX + 
Processor control 3 


EJSSX + 


Processor control 2. 


EMRX- 
DMA and Interrupt 


EPHX- 
Processor control 4 


ERCX + 
Processor control 2 


ESIX- 
Processor control 2 


EXCX- 
Processor control 1 


EXOR + 


Processor control 2 


FCDX- 
Processor control 4 


FCOX + 
Processor control 2 


FCYX + 
DMA and Interrupt 


FEAI 
Processor control 2 
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620/L Mnemonics (continued) 


Description 


Execute Jump or. Register Change -- Logical-OR 
of ERCX- and EJIX- 


Execute. Jump or Sense -- Logical-OR of EJ1X- 
and ESIX. | 


E and W Bus Receive -- Normally zero volt when 
trapping in or out 


Execute Phase -- Major control function separ- 
ates memory cycle into execute and address 
phase; execute phase occurs when EPHX-+ is 5 volts 


Execute Register Change -- Provides timing and 
selection for register change instructions 


Execute Sense Instruction -- Decode for sense 
instruction so eg 


Execute -- Provides selection of operand cycle 
during execute instruction 


Exclusive-OR -- Provides decoding of exclusive-OR, 
inclusive-OR, and register change comple-.. 
ment instructions 


First Count Detect -- Indicates that Shift 
counter SCOOX and SCO3X has reached a count of one 


Function Code Zero -- Denotes that the U 
register bits 6, 7, and 8 are equal to zero 


Full Cycle Command -- When high, it enables a 
read or clear memory sequence followed by a 
restore or write memory sequence 


Fetch Address -- Enable for ACYX+ on all in- 
structions that require an address cycle 


~~, 


VIII-5 


CHAPTER Vill 
MNEMONICS ' 


Mnemonic 


FEIX + 
Processor control 2 


FEOX + 
Processor control 2 


FRCX- 
Processor control 4 


FRYX-| 
Processor control 4 


FRYX + 
Processor control 4 


G1XX + to G4xx + 
Processor control 2 


HLTX + 
Processor control 1 


HTCX- 
Processor control 1 


H1XX + to H4XX + 


Processor control 2. 


IAPX + 
Processor control 2 


ICLX- 


Processor control 4 


ICYX + 
’ Processor control 2 


620/L Mnemonics (continued) 


Description 


Fetch Instruction -- Enable for ICYX 


Fetch Operand -- Enable for OCYX 


Function Ready Control -- Detects and controls 
the programmed function out sequence 


Function Ready Control -- Pulse used to ter- 
minate the address phase on the 1/0 line 


Function Ready -- Provides function ready to 
the 1/0 bus 


Group Decoding 1 to 4 -- Decodes U register 
bits 12 and 13 


Halt -- Controls execution (run) or non- 
execution (step) modes or computer operation 


Halt Control -- Initiates halting of computer 
operation 


Set Decoding 1 to 4 -- Decodes U register bits 
14 and 15 


Instruction Address Phase -- Provides timing 
function for address operations; occurs during 


the last half of instruction cycle 


Inhibit Clock -- Inhibits CLIX+ and CL2X + 


| during ari interrupt or trap operation 


Instruction Cycle -- Timing function identify- 
ing memory cycles used to obtain instruction 
words 
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IEPX + 
Processor control 2 


WAX- 
Processor control 4 


IMCX- 
Processor control 2 


INCR + 
Processor control 4 


INHE-O 
Memory timing cont. 


INHE-1 
Memory timing cont. 


INHT- 
Sense/inhibit 


INHT]1 
Sense/inhibit 


INHT2 
Sense/inhibit 


IXYD.- 
Driver/sink switch 


JCMX + 


Processor control 1 


JCN1 + 
(DM109-1) 
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620/L Mnemonics (continued) 


Description 


Instruction Execute Phase -- Provides timing 
function for instruction execution occurs 
during the first ‘half of all instruction cycles 


Increment Interrupt Address -- Adds one to the 
interrupt address when interrupting to double- 
word instructions 


Increment Memory Control -- Provides control 
of the INR instruction ‘ 


Increment -- Provides increment signal to the 
adder adds one to data at the adder 


Inhibit Enable -- Sent to sense/inhibit card 
of 4K-A stack 


Inhibit Enable -- Sent to sense/inhibit card 
of 4K-B stack 


Inhibit Timing -- Originates on the DM286 card 
where it is designated WSTX- 

Inhibit Timing 1 -- Enable signal for inhibit 
drivers of bits 0 through 7 


Inhibit Timing 2 -- Enable signal for inhibit 
drivers of bits 8 through 15 


Not used 

Jump Condition Met -- Stores detection of 
jump condition met on jump, jump and mark, 
execute, and sense instructions 

Jump Condition Met, Gate 1 -- Logical-OR of 


all tests for jump,.jump and mark, and execute 
condition met 


VIN-7 


CHAPTER VIII 
MNEMONICS 


Mnemonic 


KIXX + 
Processor control 2 


K2XX + 
Processor control 2 


K3XX + 
Processor control 2 


K23X + 
Processor control 2 


LDPINT- 


Memory timing cont. 


LSCX + 
Processor control 4 


LOOX + to L15X + 
Processor control 1 


MCLX + 
Processor control 4 


MC2X + 
Processor control 4 


MDN2 + 
Processor control 2 


MRKX + 
Processor control 2 


620/t. Ninemonics (continued) 


Description 


Class 1 -- Decodes U register bits 12, 13, and 
14 for all single-word addressable instructions 


Class 2 -- Decodes U register op-code 00; 
selects ail jump, jump and mark, execute and 
shift, register change, immediate, and set/reset 
overflow irstructions 


Class 3 -- Decodes and selects all I/O in- 
Structions 


Class 23 -- Provides decoding for K2 or K3 
instructions 


Loader Protect Interrupt -- Not used 


Long Shift Control -- Provides control of long 
shift, multiply, and divide sequences; the A 
register is selected when LSCX is on, and the B 
register when LSCX is off 


Memory Address Register -- Contains the address 
of the data that memory is reading or writing 


Master Clock -- Basic crystal-controlled 
2.2-MHz clock for the system 


Master Clack 2 -- Controlled 2.2-MHz clock; 
gated off by inhibit clack (ICLX) and halt 
functional (HTCX, HLTX) 


Multiply/Divide Not -- Selects the A bus during 
interrupt, {rap, or divide operations 


Mark -- Provides the timing and control function 
for jump and mark instructions 


VIS. 
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MRSX + 
Processor control 1 


MSAX. 
Processor control 3 


MSBX. 
Processor contro! 3 


MSCE + 
Memory timing cont. 


MSC1 + 
Processor control 4 


MSC2 + 
Processor control 4 


MSC3 + 
Processor control 4 


MSC4 + 
Processor control 4 


MSPI. 
Processor control 1 
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620/L Mnemonics (continued: 


Description 


Manual Register Select - Enable for setting 
registers in the manual mode 


Manual Select A Register -- Manual selection ct 
the A register from the console 


Manual Select B Register -- Manual selection of 
the B register from the console 


Memory Start Clock Enable -- This signal not 
used 


Memory Start Clock 1 - Sent to the memory 
timing control card where it 1s designated 
SSL1 +; initiates a memory cycle for the first 
8K of memory 


Memory Start Clock 2. Sent to the memory 


timing control card where it is designated 
SSL2 +; inttrates a memory cycle for the second 
8K of memory 


Memory Start Clock 3 - Sent to the memory 
timing control card where it is designated 
SSL3 +; initiates a memory cycle for the third 
8K of memory 


Memory Start Clock 4. Sent to the memory 
timing control card where it is designated SSL.) « 
initiates a memory cycle for the fourth Sh of 
memory _ 


| Memory Start Pulse Inhibit Used ino memory 


parity option to disable the setting of the 
memory start pulse flip flop 


Vib 
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MSPX + 
Processor control 1 


MSP X.- 
Processor control 3 


MSUX- 
Processor control 3 


MSXX- 
Processor control 3 


NDO to ND7 
Driver/sink switch 


OCYX + 
Processor control 2 


OVXX + 
Processor control 1 


PDIX 
Processor control 4 


PDTX + 
Processor control 4 


PDO to PD7 


Driver/sink switch 


PFOX.- 
Processor control 4 


620/L. Mnemonics (continued) 


Description 


Memory Start Pulse - Delayed clock 1 for 
starting memory 


Manual Select P Register -- Manual selection of 
the P register from the console . 


Manual Select U Register -- Ground true when 
selecting the U register from the console 


Manual Select X Register -- Manual selection of 
the X register from the console 


Negative Drive Decoded Signals -- Decoded 
signals from multiplexed address bits O through 
5; sent to the negative-drive driver switches 


Operand Cycle -- Timing function identifying 
the mernory cycles used to obtain an address word 


Overflow -- Detects and stores the overflow 
all tests for jump, jump and mark, and execute 
condition rnet 


Program Data In -- Provides the timing function 
for all programmed input operations 


Program Data Transfer -- Provides the timing 
function for all input/output instructions 


Positive Drive Decoded Signals -- Decoded 
signals frorn multiplexed address bits 0 through 
5; sent to the positive-drive driver switches 


Program Function Out -- Timing function that 


controls the output of the function code of all 
1/O instructions 
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PHCX- 
Processor control 4 


REF VOLTAGE 
Sense/inhibit 


REPT- 
Processor control 1 


ROHX + 
Processor control 1 


RPCX- 
Processor control 1 


RR15+ 


Processor control 2 


RSHX + 
Processor control 2 


RSTM- 


Memory timing cont. 


RSTX 
Processor control 2 


RUNX + 
Processor control 1 


RWT1-_ 


Memory timing cont. 
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620/L Mnemonics (continued) 


Description 


Phase Clock -- Basic timing function used to 
control basic clock functions, such as CL1X + 
and CL2X + 


Reference Voltage -- Provides the sense-amplifier 
threshold voltage 
Repeat -- Controlled by the instruction REPEAT 
switch on console; used to enable the setting of 
the RPCX flip-flop: 


Reset On Halt -- 
flops on halt 


Reset line to control the flip- 


Repeat Control -- Control function which in- 
hibits set U register ee when stepping in 
repeat mode 


Repeated R15 -- 
register 


Monitors bit 15 of the R 
Reset Shift Function -- Resets the shift 
functions on halt and CL2 


Read Sink Timing -- Provides timing for the X 


and Y read sink switches 


Reset -- Controlled by the display register 
RESET switch on the console; resets the bits of 
any register being displayed while in step mode 


Run -- Output of the RUN switch on the console; 
forms a pulse that places the computer in run 
mode 


Read/Write Timing 1 -- Timing signal for 
negative-drive driver switches 
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RWT2- 


Memory timing cont. 


RXXX- 


Memory timing cont. 


SASX- 


Memory timing cont. 


SAS1 
SAS2 


SBAX + 
Processor control 2 


SBLX + 
Processor control 2 
SCMX + 


Processor control 4 


SCOX + to SC4X + 
Processor control 4 


SELA + 
_ Processor control 1 


620/L Mnemonics (continued) 


Description 


Read/Write Timing 2 -- Timing signal for 
positive-drive driver switches 


Read -- This signal is low for a read or clear 
sequence and high for a write or restore 
sequence 


Sense Amplifier Strobe -- Sent to the sense/inhibit 
card to produce SAS1 and SAS2 


Sense Arnplifier Strobe 1 -- Strobe signal for 
the sense amplifiers of memory data bits 0 
through 7 


Sense Arnplifier Strobe 2 -- Strobe signal for 
the sense amplifiers of memory data bits 8 
through 15 


Sign Bit of A Register -- Stores the sign bit 
of the A register for jump, multiply, and divide 
instructions 


Select Bus Last Bit -- Bit 15 on the S bus 


Shift Count Met -- Indicates that the count in 
the shift counter equals that in U register bits 
UO to U4 


Shift Counter, Stages 0 to 4 -- Counts the 
shift cycles during multiply and divide 
instructions 


Select A Register -- OUtput of the A REGISTER 


SELECT switch on. the console; used to select the 
A register during step mode 
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SELB + 
Processor 


SELP + 
Processor 


SELU + 
Processor 


SELX + 
Processor 


SERX- 
Processor 


SETA + 
Processor 


SETB + 
Processor 


SETL + 
Processor 


SETP + 
Processor 


SETR + 
Processor 


SETU- 
Processor 


control 


contre! 


control 


control 


control 


control 


control 


control 


control 


control 


control 


—" 
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620/L Mnemonics fcontinued) 


Description 


Select B Register - Uutput of the B REGISTER 
SELECT switch on the console; used to select 
the B register during step mode 


Select P Register -- Output of the P REGISTER 
SELECT switch on the console; used to select the 
P register during step mode 


Select U Register -- Output of the U REGISTER 
SELECT switch on the console; used to select the 
U register during step mode 


Select X Register -- Output of the X REGISTER 
SELECT switch on the console; used to select the 
X register during step mode 


Sense Response -- Signal returned by a peripheral 
device to indicate the status of the device: occurs 
in response to a sense command 


Set A Register -- Clock used to set C bus data 
into the A register 


Set B Register -- Clock used to set C bus data 
into the B register 


Set L Register -- Clock used to set C bus data 
into the L register 


Set P Register -- Clock used to set C bus data 
into the P register 


Set R Register -- Clock used to set W bus data 
into the R register 


Set U Register -- Clock used to set W bus data 
into U register 


VUES 
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SETW + 
Processor 


SETX + 
Processor 


SGAX + 
Processor 


SGPY¥ + 
Processor 


SGCX + 
Processor 


SGDX + 
Processor 


SHCX + 
Processor 


SHFX- 
Processor 


SHLX + 
Processor 


SHRX + 
Processor 


SIAB 4 
Processor 


control 
control 


control 


control 


control 


control 


control 


control 
control 
control 


control 


620/L Mnemonics (continued) 


Description 


Set W Register -- Clock used to set C bus data 
into the W register 


Set X Register -- Clock used to set C bus data 
into the X register 


Shift Gate A -- Provides bit 0 to the shift left 
gates of the arithmetic unit on shift left and 
multiply instructions 


Shift Gatte B -- Provides bit 14 to the shift 
right gates of the arithmetic unit on shift 
right and multiply instructions 


Shift Gatte C -- Provides bit 15 to the shift 
right gates of the arithmetic unit on shift right 
and multiply instructions - 


Shift Gate D -- Provides bit 15 to the shift 
left gates on the arithmetic unit on shift left 
and divide instructions 


Shift Control -- Provides basic timing and 
control of the shift, multiply and divide in- 


structions 


Shift -- Enables shift operation of the shift, 
multiply and divide instructions 


Shift Left -- Enables the shift left gates on 
shift left and divide instructions 


Shift Right -- Enables all shift right gates 
for shift right and multiply instructions 


Select Arithmetic Bus -- Selects output of the 
adder to the C bus 


Vill 14 


Mnemonic 


SLAX + 
Processor control 3 


SLBX + 
Processor control 3 


SLGB + 
Processor control 2 


SLPX + 


Processor control 3 


SLP1 + 
Processor control 3 


SLR] + 
Processor control 3 


SLRX + 
(DM111-3) 


SLU1 + 
SLU2 + 
SLU3 + 


Processor control 3 


SLXX + 
Processor control 3 


SOP2 
Processor control 1 
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620/L Mnemonics (continued) 


Description 


Select A Register -- Gates the A register onto 
the S bus 


Select B Register -- Gates the B register onto 
the S bus 


Select G Bus -- Selects the G bus into the 
adder ; 


Select P Register -- Gates the P register onto 
the S bus 


Select P One -- Signal used to enable INCR 
every time P is selected for normal update of 
P on each instruction 


Select R Inverted .- Gates the output of R in- 
verted to the G bus 


Select R -- Gates the output of the R register 
to the.G bus 


Select U -- Selects the U register onto the 
G bus : 

SLU1+ -- Selects U0-U8 

SLU2+ -- Selects U9-U10 

SLU3 + -- Selects U11-U15 


Select X Register -- Gates the X register onto 
the S bus 


Step Pulse -- Pulse initiated from the STEP 


switch on the console, allows one instruction 
to be performed 
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SOPX + 
Processor control 1 


SQP2. 


Memory timing cont. 


SRSX + | 
Processor control 1 


SSAX + 
Processor control 1 


SSBX + 
Processor control 1 


SSLX- 
Driver/sink switch 


SSL1- 


Memory timing cont. 


SSL2- 


Memory. timing cont. 


SSL3- 


Memory timing cont. 


SSL4- 


Memory timing cont. 


SSPX + 
Processor control 1 


SSUX + 
Processor control 1 


620/L Mnemonics (continued) 


Description. 


Stop -- Provides control for the manual halt 
and step operations 


Loader Protection Step Control -- Signal from 
loader protection circuit; when low, it causes 
the computer to go into step mode 


Single Register Selected -- Enables setting of 
MRSX when a single register is selected 


Switch Select A Register -- Flip-flop set up by 
the A register switch on the console; used to 


maually select the A register 


Switch Select B Register -- Manual selection 
of the B register from the console 


Stack Select -- One of four stack select signals 
(SSL1-, SSL2-, SSL3-, SSL4-) 


Stack Select 1 -- Sent to the driver/sink 
switch card of the first 8K of memory 


Stack Select 2 -- Sent to the driver/sink 
switch card of the second 8K of memory 


Stack Select 3 -- Sent to the driver/sink 
switch card of the third 8K of memory 


Stack Select 4 -- Sent to the driver/sink 
switch card of the fourth 8K of memory 


Switch Select P Register -- Manual selection 
of the P register from the console 


Switch Select U Register -- Manual selection 
of the U register from the console 
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SSXX + 
Processor control 1 


STB5- 
Processor control 3 


STEP + 
Processor control 1 


STP1 
Processor control 3 


STRX 4+ 
Processor control 1 


SU0O0 + 
$U15 + 
Register card 


SYRT-1 
Processor control 1 


SOOX to S15X 
Sense/inhibit 


SOOX- to $15X- 
Sense/inhibit 


TAIX- 


Processor control 4 


TCRX- 
AMED 


TDIW. 


Processor control 4. 
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620/L Mnemonics (continued) 


Description 


Switch Select X Register -- Manual selection 
of the X register from the console 


Set B Register -- Pulse from the multiply/divide 
option used to set the B register 


Step Command -- Output of the STEP switch on 
the console: used to initiate STEP mode 


Set P Register -- Output of set gates to select 
the P register 


Start -- Provides control for manual step and 
run operations 


Sum 00 to 15 -- Output of the adder 


System Reset -- Ground true signal in computer 
and on |/O bus to reset computer and !/O devices 


High Sense Bits 0 to 15-4 High lines to the 
differential inputs of the sense amplifiers 


Low Sense Bits 0 to 15 -- Low lines to the 
differential inputs of the sense amplifiers 


Trap Address Input -- Signal from the DMA cir 


cuit (DM121) that selects the time when an address _ 


is inputted during a trap or interrupt operation 


T iming and Control Reset -- Reset ‘to memory 
timing and control circuitry . 


Trap Data In Write -- Signal from the DMA cir- 


cuit that initiates a write (WRTX +) signal to the 
memory on the second half cycle of trap in 
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TOSX | 
Processor control 4 


TRSC 
Processor control 1 


TSHX 
Driver/sink switch 


TSLX 
Driver/sink switch 


UOOX + 
U15X + 
Register card 


WOOX + 
W15X + 
Register card 


WRTX + 
Processor control 4 


WSTX- 


Memory timing cont. 


XSOX to XS7X 
Driver/sink switch 


YSOX to YS7X 
Driver/sink switch 


620/L_ Mnemonics (continued) 


Description 


Trap On Shift -- Signal from the DMA circuit 
that detects and stores trap commands on shift, 
multiply, or divide instructions 


Trap Start Clock -- Signal from the DMA circuit 
that initiates a memory start pulse 


Temperature Sense High -- Signal from the high 
side ‘of a sensistor 


Temperature Sense Low -- Signal from the low 
side of a sensistor 


U Register Bits 0 to 15 -- Provides storage of 


all instructions during the execute cycle 


Memory Data Register -- Holds data for the 
memory read/write instructions 


Read/Write Command 
a. Fuil cycle -- when. true, enables clear/write 


operation of the memory; when false, enables 


read/restore operation 
b. Half Cycle -- When true, enables a write 
(only) operation; when false, enables a read 


(only) operation 


Write Sirk Timing -- Timing signal for X and Y 
write sink switches 


X Sink -- Signals from X read or X write sink 
switches 


Y Sink -- Signals from Y read or Y write sink 
switches 
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CHAPTER IX 
WAVEFORMS 


This chapter contains timing waveforms for various instructions and operations executed 
by the computer (figures 1X-1 through IX-36). 


Each drawing includes an identification of the instructions or operation involved. followed 
by waveforms of individual signals associated with the instructions or operation. 
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Figure IX-33. Input To (A, B) Register Timing (continued) 
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CHAPTER X 
MULTIPLY/DIVIDE AND EXTENDED ADDRESSING 


SECTION 1 
INTRODUCTION 


The multiply/divide and extended addressing feature (M/D) reduces the steps required to 
prepare a multiplication or division subroutine, and permits extended addressing to 
specific instructions or data located anywhere in memory. 


The M/D is contained on a single circuit card that plugs into the computer mainframe 
(see chapter II). 


Multiplication in the computer system consists of successive additions of the multiplicand 
with appropriate shifts to the right. Likewise, division is accomplished by successive 
subtractions of the divisor from the dividend with appropriate left shifts of the partial 
quotient. Once a program instruction to accomplish multiplication or division is 
implemented, the necessary steps required to complete the operation are accomplished by 
the M/D without further program intervention. 


The extended addressing in the M/D enables addressing of the entire memory, either 
indexed, direct, or indirect. Doubleword instruction is used, with the effective address 
contained in the second word. The same instruction format is used for immediate-type 
instructions; however, indirect addressing is not permitted, and the second word contains 
an operand. When traps or interrupts are in progress, the direct memory access circuit 
(DMA) applies an inhibiting signal to the extended addressing circuit. 


1.1 FUNCTIONAL DESCRIPTION 


The M/D consists of three major sections (figure X-1): multiplication, division, and 
extended addressing. 


1.1.1 Multiplication 


In a multiplication operation, the contents of the effective memory location are multiplied 
by the contents of the B register, and the contents of the A register are added to the 
product. The resultant is placed in the A and B registers, with the most significant half in 
the A register and the least significant half in the B register. A sign of the resultant is 
placed in bit 15 of the A register; bit 15 of the B register is always set at zero. The largest 
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Figure X-1. M/D Functions 


positive multiplier or multiplicand that can be contained in an operating register is 15 
binary bits; the last bit contains the sign. The product of the largest positive multiplier 
and multiplicand is always smaller than the combined capacity of the A and B registers; 
therefore, that product will not set the overflow. 


The product of the largest negative multiplier and multiplicand is one greater than the 
capacity of the combined A and B registers. In this case the overflow indicator will be set, 
and the combined A and B registers will indicate all zeros with a negative sign bit. This is 
the only case in which multiplication alone can cause the overflow indicator to be set. 


1.1.2 Division 


In a division operation, the dividend is contained in the combined A and B register, with 
the sign in bit 15 of the A register. The sign bit of the B register is not used. The divisor is 
contained in the effective memory location. The quotient and the sign of the quotient are 
placed in the B register, and the remainder is placed in the A register along with the sign 
of the dividend. If the quotient exceeds the capacity of the B register, the overflow 
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indicator will be set. Also, the following special rules apply. A software solution to these 
rules is provided in figure X-2. 


a. If the divisor is zero, the quotient will be the complement of the high-order 15 bits of the 
dividend with inverted sign. The remainder will be equal to the low-order 15 bits of 
the dividend. The overflow will always be set. 


b. If the dividend is negative and an integer multiple of the divisor, the B register will 
indicate the quotient minus one, and the A register (the remainder) will be equal to 
the divisor. The sign of the remainder will equal the sign of the dividend. The 
following octal statements illustrate this rule. 


c. -—010/02 = — 04 and a remainder of- 02 


d. -010/- 02 = +04 anda remainder of- 02 


1.1.3 Extended Addressing 


Extended addressing allows addressing of all memory locations, either indexed, direct, or 
indirect. The second word of the double-word extended instruction contains the effective 
address. In direct addressing, the address of the operand is located in the second word. 
The operand is then one level removed from the instruction. Indirect addressing occurs 
when an operand is two or more levels removed from the instruction. In such cases, the 
address of the operand address (the indirect address) is contained in a memory location 
addressed by the instruction. The double-word instruction format, along with the 
addressing modes are shown in figure X-3. 


When the indirect addressing mode is used, the second address in memory may also be a 
direct or an indirect address. If a loop of indirect addresses is formed, the processor will 
remain in the indirect mode until halted by a system reset signal. An example of the 
indirect addressing mode is shown below. 


0500 OO06YY7 Extended indirect 

0501 0100502 Operand address at 0502 
0502 0100503 Operand address at 0503 
0503 0100501 Operand address at 0501 
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Figure X-2. Fiow Chart for Division Correction 
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15 141312 1110987654321 0 


First Word 
Second Word 
YY equals any single word instruction in the OP CODE. 
if X = Address Mode Effective Address 
00 to 03 Immediate Second word contains 
operand. 
04 Relative to P Contents of second word 


+ (P register + 1). 


05 Indexed with X Contents of second word 
+ X register. 

06 Indexed with B Contents of second word 
+ B register. 

07 Direct or indirect Contents of second word 


may be a direct or indirect 
address depending on bit 15. 


Figure X-3. Word Format for Extended Addressing 


1.2 SPECIFICATIONS 


The M/D specifications are listed in table X-1. 


Table X-1. M/D Specifications 


Parameter Description 
Multiplication Algorithm A + (BeR) = A, B 
where A = initial A register content 
B = multiplier (in B register) 


R 


multiplicand (in memory) 
(continued) 


X-5 


CHAPTER X 


MULTIPLY/DIVIDE AND EXTENDED ADDRESSING 


Table X-1. M/D Specifications (continued) 


Parameter 


Multiplication Capability 


Division Algorithm 


Division Capability 


Extended Addressing 
Modes 


Description 
A, B = product (in A and B registers; 
most significant half in A, 
least significant half in B) 
Maximum multiplier: 
32,767 or — 32,768 
Maximum multiplicand: 
32,767 or - 32,768 
Maximum product: 
1,073,741,824 
A, B/R = B+A 
where A, B = dividend (in A and B reg- 


isters; most significant half in 
A, least significant half in B) 


divisor (in memory) 


quotient (in B register) 


R 
B 
A remainder (in A register) 
Maximum divisor: 

32,767 or — 32,768 
Maximum dividend: 

1,073,741,823 or — 1,073,741,824 
Maximum quotient: 

32,767 or ~- 32,768 


Relative to P (contents of second word 
plus P register plus 1). 

Indexed with X (contents of second word 
plus X register). 

Indexed with B (contents of second word 
plus B register). 

Direct (second word is direct address if 
bit 15 is zero). 

Indirect (second word is indirect address 
if bit 15 is one). 
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SECTION 2 
OPERATION 


This section contains the M/D instructions and also multiplication/division procedures 
and examples. 


2.1 INSTRUCTIONS 
The M/D instructions are listed in table X-2. 


Table X-2. Multiply/Divide and Extended Addressing Instructions 


Machine 
Mnemonic Octal Code Description Cycles 
Multiply (one-word instruction) 
MUL 16xxxx Multiply B register by 10 
contents of effective mem- 
ory address 
Divide (one-word instruction) 
DIV 17xxxx Divide A and B registers by 10 
contents of effective memory 
address 
Extended Acidress (two-word instruction) 
LDAE 00601x Load A register extended 3 
LDBE 00602x Load B register extended 3 
LDXE 00603x Load X register extended 3 
STAE 00605x Store A register extended 3 
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Table X-2. Multiply/Divide and Extended Addressing Instructions(continued) 


Machine 
Mnemonic Octal Code Description Cycles 
STBE 00606x Store B register extended 3 
STXE 00607x Store X register extended 3 
INRE 00604x Increment and replace ex- 4 
tended 
ADDE 00612x Add memory to A register 3 
extended 
SUBE 00614x Subtract memory from A reg- 3 
ister extended 
MULE 006 16x Multiply B register extended 1] 
DIVE 00617x Divide AB register extended 11 
ORAE 00611x Inclusive OR extended 3 
ERAE 00613x Exclusive OR extended 3 
ANAE 0061 5x AND extended | 


NOTES: 
1. Thexs in the DIV and MUL instructions represent the effective address. 


2. The xs in the extended addressing instructions specifies the addressing mode (see 
figure 3-2). 


2.2 MULTIPLICATION/DIVISION PROCEDURES 


The following subsections provide manual procedures for performing multiplication and 
division operations. Section 2.3 contains examples that illustrate the operations; section 4 
contains several sample problems and their solutions. 
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2.2.1 Multiplication 


A multiplication operation can be performed as follows: 


a. 


b. 


Perform power-on routine (chapter III). 
Load the multiplier into the B register. 
Load the multiplicand into the X register. 


Load the store X instruction (070000) into the U register, and execute the instruction. 
The multiplicand is now in memory. 


Load the multiply instruction (160000) into the U register, and execute the instruction. 
Observe the result in the A and B registers. The most significant bits of the product can 


now be observed by displaying the contents of the A register; the least significant 
bits can be observed by displaying the contents of the B register. 


2.2.2 Division 


A division operation can be performed as follows: 


a. 


b. 


Perform power-on routine (chapter III). 
Load the most significant bits of dividend into the A register. 


Load the least significant bits of dividend into the B register. 


Load the divisor into the X register. 

Load the store X instruction (070000) into the U register, and execute the instruction. 
Load the divide instruction (170000) into the U register, and execute the instruction, 
Observe the result in the A and B registers. The quotient can now be observed by 
displaying the contents of the B register; the remainder can be observed by 


displaying the contents of the A register. Note that the sign bit of the remainder is 
the same as the sign bit of the dividend. 
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2.3 MULTIPLICATION/DIVISION EXAMPLES 


The following examples of multiplication and division are provided to illustrate the 
operations. The octal problem is preceded by its decimal equivalent for both examples. 
Negative numbers are in two's complement form. A, B, and R represent the contents of 
the A register, B register, and memory, respectively. The letter R represents memory 
because the R register contains the contents of the effective memory address during 
reading and writing operations. 


EXAMPLE A. Multiplication: 


(- 56) (1212) = -67,372 
(177710) (002274) = 17777573340 
Before execution: A = 000000 After execution: A = 177775 
B = 177710 B = 073340 
R = 002274 | R = 002274 


EXAMPLE B. Division: 


- 1,234/616 = -2 with remainder —2 
17777775456/001150 = 177776 with remainder 177776 


Before execution: A = 177777 After execution: A = 177776 
B = 075456 B = 177776 
R = 001150 R = 001150 
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SECTION 3 
THEORY OF OPERATION 


3.1 GENERAL 


Described in the following paragraphs are the three functional divisions of the M/D: 
multiplication, division, and extended address. Refer to logic diagram 91D0358 in volume 
2. Three-digit numbers in parentheses indicate the location of circuit elements on the logic 
diagram. The first number locates the sheet; the following letter and number indicate the 
area on that sheet. Circuit elements that are not on the M/D board are followed by their 
circuit board number in parentheses. 


Signals resulting from the outputs of flip-flops are designated FF set signal and FF reset 
signal if they are high when the flip-flop is respectively set or reset. 


3.2 MULTIPLICATION 


Multiplication is accomplished by successive additions of the multiplicand appropriately 
shifted to the right. A flow diagram illustrating this operation is shown in figure X-4. The 
timing of signals generated during multiplication is shown in figure X-5. 


The multiplication instruction is stored in the U register (44P0592), and the address of 
the multiplicand is generated and placed in the L register (44P0595). The next memory 
cycle brings the multiplicand from memory and stores it in the R register (44P0592). 


The contents of the U register are decoded in the M/D to form signal MPYX + high (1C4). 
Signals MPYX + high and RB17+ high (2D7) set flip-flop NMDX (1D3). Flip-flop NMDX 
Stores the sign of the multiplier to provide for the correction cycle at the end of the 
operation. 


Signals TOSX- high, FEIX + high, and H4XX + high form signal SHC3- low (3C7). Signal 
SHC3- sets flip-flop SHCX (44P0593). FF set signal SHCX+ high with signal H4XX + 
high form signal UMDX- low (1C5). Signal UMDX+ high generates set or reset levels 
(2C6) for bits 5, 6, 7, and 8 of the U register. Changing the contents of the U register 
establishes control for the shift portion of the multiply operation. Signal SHCX high also 
sets flip-flops SHFX (44P0593) and LSXC (44P0593). The outputs of these two flip-flops 
allow master clock signal MC2X to increment the shift counter (44P0593). 
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Figure X-5. Timing Diagram for Multiplication 


Multiplication then proceeds by a series of addition-and-shift or shift-without-addition 
operations. The choice of these two types of operations depends on the state of flip-flop 
ADEX (2B6). During multiplication, flip-flop ADEX is controlled by the least significant bit 
of the B register after each shift. The contents of the A register are either increased by the 
addition of the multiplicand and then shifted right, or they are shifted right without 
addition. If no overflow results from the addition, the sign of the partial product (in the A 
register) becomes that of the sum. If an over-flow occurs, the sign bit in the A register 
becomes the complement sign of the sum. The addition and/or shift of the partial product 
is accomplished while signal LSCX- is high. The multiplier (in the B register) is shifted 
right one position each time signal LSCX- is low. | 


When the shift counter has been incremented to 15, flip-flop LCYX (1B2) is set. At this 


time if FF set signal NMDX is high, the multiplicand is subtracted from the product. This 
is accomplished by signals SR14— low (2B4) and INCR- low (2D4). 
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3.3 DIVISION 


Division is accomplished by successive subtractions of the divisor from the dividend and 
shifts of the partial quotient to the left. A flow diagram illustrating this operation is shown 
in figure X-6. The timing of signals generated during division is shown in figure X-7. 


The divide instruction is stored in the J register (44P0592), and the address of the divisor 
is generated and set into the L register (44P0595). The next memory cycle brings the 
divisor from memory and stores it in the R register (44P0592). 


The divisor is subtracted from the dividend if the sign of the quotient is to be positive (the 
divisor is added to the dividend if the sign of the quotient is to be negative). If the sign of 
the difference is not equal to the sigri of the A register, the divisor is removed from the 
adder input. This is done before the output of the adder is shifted to the left and placed in 
the A register. If the divisor is not add2d to the partial quotient (in the A register) and the 
quotient sign is negative, flip-flop BISX (44P0593) is set. If the divisor is added to the 
partial quotent and the sign is positive, flip-flop BISX is set. The content of bit 14 of the B 
register is placed in the least significant bit of the A register. The contents of the B 
register are then shifted left with signal BISX being shifted into the least significant bit of 
the B register. 


The sign of the dividend is stored in flip-flop SBAX (44P0596). If FF set signal SBAX + is 
high, flip-flop NMDX (1D3) is set when the divisor is clocked into the R register on signal 
SETR+. If the quotient is to be negative, flip-flop ADOX (1B5) is set at the same time as 
flip-flop NMDX. 


The contents of the U register are changed to establish control for the shift portion of the 
division operation. Bit 13, 14 and 15 of the U register decode to form signal H4XX- low 
(1D5). Signal SHC3- low sets flip-flops SHCX, SHFX, and LSCX (44P0593). FF set signal 
SHCX + high with signal H4XX- low form signal UMDX- low (1C5). Signal UMDX- low 
generates set or reset: levels (2C6) for bits 5, 6, 7, and 8 of the U register. The outputs of 
flip-flops SHFX and LSCX control the incrementing of the shift counter (44P0593). 


Flip-flop ADEX (2B6) is also set when FF set signal LSCX- goes high. Signal LSCX- high 
selects the A register to the adder, and signal SLR5- low (2B4) selects the operand. Signal 
SLR5- low is generated by signal DIVX + high, signal SHFX + high, FF set signal ADOX + 
high, and FF set signal ADEX + high. 


The result of the first addition (subtraction if FF set signal ADOX + was low) is compared 
with the condition of flip-flop NMDX to form signal DSCX- (2A7). Signal DSCX- high with 
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signal DIVX + high, signal FCDX+ high, and FF reset signal LCYX- high set flip-flop 
DODX (1C2). This flip-flop enables the overflow indication. Signal DSCX- high also 
inhibits the set of the A register (44P0592) and the reset of flip-flop LSCX (44P0593). 


The delayed reset of flip-flop LSCX allows the contents of the R register to be removed 
from the adder before the adder output is shifted left and placed in the A register. Bit 14 
of the B register is shifted into bit zero of the A register. Flip-flop BISX is set if flip-flops 
ADOX and ADEX are both set or both reset. 


Removing the contents of the R register from the adder allows signal DSCX- to go low and 
enables the reset of flip-flop LSCX. FF reset signal LSCX high selects the B register to the 
shift gates, and the contents are shifted left one position with FF set signal BIXE going to 
the least significant position. The shift counter is then incremented, and the cycle is 
repeated until the shift count is equal to 15. 


Flip-flop LCYX (1B2) is set as the shift counter is incremented to 15. FF set signal LCYX + 

high enables signal PHC3- low (2D7) and signal MDN2+ low (2A6). Signal PHC3- low 
inhibits the set of the phase clock flip-flop (44P0593) for one cycle. Signal MDN2+ low 
inhibits signals SHLX and SLAB while the result of the last subtraction is transferred to 
the A register. The contents of the B register are then shifted left and, if the quotient is to 
be negative, incremented to provide the final two’s complement quotient. . 


3.4 EXTENDED ADDRESSING 


The extended instruction is placed in the U register and decoded to form signals K2XX + 
and AC6X +. If signal U02X + is low, flip-flop EIM1 (44P0596) is set, and the second word 
of the immediate instruction is used as the operand. If signal UO2X+ is high, flip-flop 
EIM2 (1D6) is set. FF set signal EIM2 high generates signal EIMX- low (1D6). Signal 
U02X + high and FF set signal EIM2 high generate signal FEA1- low. Flip-flop ACYX 
(44P0596) is set on the next CL1X pulse. 


FF set signal ACYX- high and FF set signal EIM2 high cause signal U02X+ to go low 
(1C7). These two signals also transfer the states of signals UOOX and UOI1X to signals 
U09X respectively (1A7). The new states of signals U09X, U10X, and U10X and U11X are 
decoded to form signals AC4X, AC5X, AC6X, and AC7X. Signal EIMX low transfers the 
states of signals UO3X through U06X to signals U12X through U15X, respectively. 


The address code signals AC4X, AC5X, and AC6X select the contents of the P, X, or B 
register which is added to the second word of the instruction to form the effective memory 
address of the operand address. If signal R15X is high, the second word is an indirect 
address; the processor will remain in the address cycle and fetch the address specified by 
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the contents of the R register. This second address may also be a direct or indirect 
address. If a loop of indirect addresses is formed, the processor will remain in the indirect 
addressing mode until halted by a system reset signal. 


3.5 MNEMONICS 


The M/D mnemonics are listed in table X-3. 


Mnemonic 


ACYX 


ACix 


ADEX 


ADOX 


BISE 


BISX 


CBii 


CL2X 


CLRX 


DIVX 


DODX 


DSCX 


EIMX 


Table X-3. Mnemonic Definitions 
Description 


Address cycle. Starts extended addressing using address 
code signals. 


Address code. Selects P, X, or B register as part of operand 
address. 


Add-enable flip-flop. Stores the requirement for an addition. 
Add-operand flip-flop. Stores sign of quotient. 
Bit-store enabler. Sets bit-store flip-flop. 


Bit store. Enables shift gate A during long shifts and 
division. 


C-bus bits. Provides ciata for multiply/divide. 


Clock 2. Gates clear signal at proper point in memory cycle. 


Clear. Clears flip-flops DODX, LCYX, and NMDX. 
Divide. Indicates that a division operation is occurring. 


Division overflow-detest flip-flop. Stores the occurrence of 
an overflow diring division. 


Division sign check. The result of a sign check during division. 


Execute immediate. Cutput of flip-flop EIMZ. 


Mnemonic 
EIM2 


EMRX 


FCDX 


FEA] 


FEIX 


HLTX. 


H4XX 


ICLX 


INCR 


K2XX 


LCYX 


LSCX 


MC2X 


MDN2 


MPYX 


NMDX 


OV1X 
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Table X-3. Mnemonic Definitions (continued) 


Description | 
Execute immediate flip-flop 2. Stores requirement for extended 
addressing. . 


E and W bus receiver. Enables decoding of address codes. 


First-count detector. Indicates that shift counter has reached 
a count of one. 


Fetch address. Enables address cycle. 


Fetch instruction. Enables shift control bit 3. 

Halt. Disables extended addressing and multiply/divide result. 
Is decoded from U-register bits and enables further decoding. 
Clock inhibitor. Inhibits signal PHC3 during interrupt or trap. 
Increments adder during multiplication or division. 

Enables extended addressing upon decoding operation code. 


Last-cycle flip-flop. Stores the fact that the shift counter has 
reached its maximum. 


Long-shift control. Provides control of long shift, multiplication 
and division sequences. 


Master clock 2. Provides timing for M/D functions; clock input 
for flip-flops. 


Multiply/divide nonshift. Inhibits shift and A bus selection 
during transfer of remainder. 


Multiply. Indicates that a multiplication operation is occurring. 
Negative multiply/divide flip-flop. Stores the sign of multiplier. 


Overlfow. Output of flip-flop DODX. 
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Mnemonic 


PHCX 


PHC3 


ROHX 
SBAX 
SCiX 
SCLI 


SCMX 


SETB 


SETR 


SGAB 


SGBC 


SHCX 


SHCi 


SHFEX 


SLBI 


SLP2 


Table X-3. Mnemonic Definitions (continued) 


Description 
Phase clock. Enables reset of flip-flop EIMZ. 


Phase clock inhibit. Enables completion of multiply/divide 
operation. 


Reset on halt. Enables clear signal on halt. 

Sign bit of A register. Enables setting of flip-flops ADOX and NMDX. 
Shift-counter bit. Indicates number of shift cycles. 

Inhibits the last shift count until flip-flop LCYX is set. 


Shift count met. Indicates that shift counter equals U-register 
bits 0 to 4. 


Set B register. Clocks C-bus data into latches. 


Set R register. Clocks Vi/-bus data into latch; clocks setting 
of flip-flops ADOX and NMDX. 


Shift-gate A. Provides bit zero to shift-left gates of arithmetic 
unit. 


Shift-gate B. Provides bit 14 to shift-right gates of arithmetic 
unit. 


Shift control. Generates signal UMDX and enables setting of 
flip-flop ADEX. 


Shift-control bit. Controls the setting of the shift-control 
flip-flop. 


Shift. Enables shift operation during multiplication and division 


Selects B register inverted. Gates inverted B-register data to 
the G bus. 


Gates the P register to the G bus. 
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Mnemonic 
SLRI 


SLRX 


SLR5 


SLXI 


SR14 


STB5 


SUii 


SYRT 


SYii 


TOSX 


Uiix 


UMDX 


WiiX 
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Table X-3. Mnemonic Definitions (continued) 


Description 


Selects R register inverted. Gates inverted R-register data to the 
G bus. 


Selects R register. Gates R-register data to the G bus. 


Selects R register 5. Gates R-register data to the G bus during 
division. 


Selects X register inverted. Gates inverted X-register data to the 
G bus. 


Selects R-register bit 14. Gates bit 14 of the R register to the G 
bus during multiplication. 


Set B register. Clocks the setting of the B register. 

Sum bit. Sign bit of the adder. 

System reset. Clears flip-flop EIM2. 

Sum sign. Enables shift gate A on decoding sum bit. 

Trap on shift. Enables shift-control signal on trap command. 
U-register bit. Indicates instruction stored. 


U-register multiply/divide. Controls the shift portion of the 


division operation. 


Memory-data register. Sign bit of the number stored in memory. 
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SECTION 4 
MAINTENANCE 


4.1 GENERAL 


There are no adjustable components, such as variable resistors or capacitors, on the M/D 
circuit card. This section provides multiplication and division problems with solutions that 
can be used to check out the arithmetic and logic operations of the M/D circuits. Refer to 
section 2 for operating procedures. 


The solutions displayed on the computer's control panel should be as indicated in the 
"results" column. Some of the solutions are not arithmetically correct, because the 
problem is beyond the machine’s capacity. These problems are labeled LCO (logic check 
only). All problems are shown first in decimal form and repeated in octal form. Negative 
numbers are in two’s complement form. A, B, and R represent the contents of the A 
register, B register, and memory, respectively. 


4.2 MULTIPLICATION PROBLEMS 


The format of each multiplication problem is: 


Problem in decimal: (multiplier) (multiplicand) = product 
Problem in octal: (multiplier) (multiplicand) = product 


Before execution: After execution: 

A = all zeros A = MSB of product 
B = multiplier B = LSB of product 
R = multiplicand R = multiplicand 


where, A, B, and R represent the contents of the A register, B register, and memory 
respectively. 


PROBLEM A. Largest positive number squared 
(32,767) (32,767) 1,073,676,289 
(77,777) (77,777) 7,777,600,001 


(continued) 
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Problem: Result: 

A = 000000 A = 077776 
B = 077777 B = 000001 
R = 077777 


PROBLEM B. Largest negative number squared (LCO) 
(- 32,768) (- 32,768) = 1,073,741,824 
(100,000) (100,000) = 6,405,037,000 


Problem: Result: 

A = 000000 A = 100000 
B = 100000 B = 000000 
R = 100000 Overflow 


PROBLEM C. Largest negative product 
(- 32,768) (32,767) = 1,073,709,056 
(100,000) (77,777) 10,000, 100,000 


Problem: Result: 

A =.000000 A = 100001 
B = 100000 B = 000000 
R = 077777 


PROBLEM D. Multiplication of like signs 
(25,761) (31,345) = 807,478,545 


(62,241) (75,161) = 6,010,222,421 
Problem: Result: 
A = 000000 A = 060102 
B = 062241 B = 022421 


PROBLEM E. Multiplication of unlike signs 
(- 25,761) (31,345) = 807,478,545 
(115,537) (75,161) 11,767,555,357 


Problem: Result: 

A = 000000 A = 117675 
B = 115537 B = 055357 
R = 075161 


(continued) 
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4.3 DIVISION PROBLEMS 
The format for each division problem is: 


Problem in decimal: dividend/divisor = quotient + remainder 
Problem in octal: dividend /divisor = quotient + remainder 


Before execution: After execution: 
A = MSB of dividend A = remainder 
B = LSB of dividend B = quotient 
R = divisor R = divisor 


PROBLEM A. Largest square root 
1,073,676,289/32,767 32,767 
7,777,600,901/77,777 = 77,777 


Problem: Result: 

A = 077776 A =: 000000 
B = 000001 B ==: 077777 
R = 077777 


PROBLEM B. Largest positive dividend and negative divisor (LCO) 
1,073,741 ,324/- 32,768 = - 32,768 


6,405,037,000/100,000 = 100,000 
Problem: Result: 
A = 064050 A =: 037000 
B = 037000 B =: 113730 
R = 100,000 


PROBLEM C. Division of largest negative numbers 
~ 1,073,709,056/- 32,768 = 32,767 
10,000,100,000/100,000 = 77,777 


Problem: Result: 

A = 100001 A = 100000 
B = 000000 B = 077776 
R = 100000 
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PROBLEM D. Division of positive numbers 
807,478,545/31,345 = 25,761 
6,010,222,421/75,161 = 62,241 


Problem: Result: 

A = 060102 A = 000000 
B = 022421 B = 062241 
C = 075161 


PROBLEM E. Division of negative numbers 
—- 807,478,545/- 25,761 = 31,345 
11,767,555,357/115,537 = 75,161 


Program: Result: 

A = 117675 A = 115537 
B = 055357 B = 075160 
R = 115537 


PROBLEM F. Division of mixed-polarity numbers 
- 807,478,545/31,345 =- 25,761 
11,767,555,357/75,161 = 115,537 


Problem: Result: 

A = 117675 A = 102617 
B = 055357 B = 115540 
R = 075161 
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620/L NUMBER SYSTEM 


Binary numbers in the 620/L computer are represented in two's-complement form. 
Single-precision numbers are 15 bits plus the sign bit. The sign bit occupies the most- 
significant bit position (bit 15). AO in the sign position denotes a positive number; a 1 in 
the sign position denotes a negative number. The negative of a positive number is 
represented in two’s-complement form. 


The two’s-complement of a number may be found in either of two ways: 


a. Take the one’s-complement of the number (i.e., complement each bit), and add 
1 in the least-significant bit position. 


Example: 
+9 0000000000001001 
One's complement — 1111111111110110 
+0000000000000001 
Two's complement 1111111111110111 
(-9) 


b. For ann-bit number (including sign), subtract it from 29+ 1. 


Example: 
gnt+i 10000000000000000 
-9(+9) -0000000000001001 
=6.° 1417111111111111111 
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It is generally convenient to express binary numbers by their octal equivalent. This 
conversion is easily performed by grouping the binary bits by threes, starting with the 
least-significant bit. 


In this 16-bit-word configuration, the range of octal numbers is less than six full digits 
(000000-0177777). The octal equivalents for the above examples are: 


DECIMAL OCTAL 
+9 0000011 
=9 0177767 


The range of numbers in the 620/L is from - 32,768 to + 32,767. The zero minus one 
and plus/minus full-scale numbers are: 


BINARY OCTA DECIMAL 
o114111914111111 9077777 +32,767 +FULL SCALE 
0000000000000000 0000000 0 0 
1a da ao ei Ne A 0177777 1 -1 
1000000000000000 0100000 -32,768 | -FULL SCALE 


The negative of the octal equivalent number is found by subtracting the number from 
0177777 and adding 1 in the least-significant digit. 
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Example: 
0477777 
-(9) -000011 
+ 1 
(-9) 0177767 


In addition or subtraction, it is possible for the results to exceed the + full-scale range of 
the machine. For example: 


DECIMAL OCTAL 

+21,980 0052734 
+11,843 +027103 
+33,823 0102037 


The negative result is in error. The same type of error occurs if the sum of the two 
negative numbers exceeds the minus full-scale range: 


DECIMAL OCTAL 
-21,980 0125044 
(+)-11,843 0150675 
=33;,023 (1)0075741 31,803 
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Note that the carry out of the most-significant octal digit position is generally lost. 
However, to inform the programmer that the true result of an addition,/subtraction falls 
outside the range of the machine, an overflow indicator is provided. The overflow 
indicator is set if the sign bit changes when two numbers of the same sign are added 
together (where the sign of the subirahend is changed in subtraction). 


In multiplication, a double-length p-oduct is formed in the arithmetic registers (A or B). 
Since the product cannot exceed 32 bits, overflow will never occur as the result of a 
multiply. The sign of the product is automatically determined. 


Example: 
DECIMAL OCTAL 
21,980 +052734 
x11,843 x+027103 
65,940 0200624 
87,920 052734 
175,840 0454404 
21,980 0125670 
21,980 


260,299,140 +017410 | 00224 
A B 


The double-length result is accumulated in the A and B registers. 


in division, an overflow (underflow) can occur if the divisor is less than or equal to the 
dividend. 
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POWERS OF TWO 


0.007 812 5 


0.003 906 25 
0.001 953 125 
0.000 976 562 5 
0.000 488 281 25 


0,000 244 140 625 
0,000 122 070 312 5 
0.000 061 035 156 25 


32 768 0.000 030 517 578 125 
65 536 0.000 615 258 789 062 3 
131 072 0.090 007 629 394 531 25 
262 144 0,000 603 814 697 265 625 
524 288 0,000 001 907 348 632 8125 
1 048 576 0,060 000 953 674 316 406 25 
2 097 152 0.000 006 476 &37 158 203 125 
4 194 304 0.000 000 238 418 579 101 562 5 
8 388 608 0.000 000 119 209 285 550 781 25 
16 777 216 0.000 000 059 604 644 775 390 625 
33 554 432 0.000 000 029 802 322 387 695 312 5 
67 108 864 0.000 000 014 901i 161 193 847 656 25 
134 217 728 0.006 000 607. 450 580 596 923 628 125 
268 435 456 0,000 000 663 725 296 298 461 914 062 § 
536 870 912 9.000 000 001 862 645 149 230 957 031 25 


0.600 600 000 931 322 574 615 478 515 625 
0.000 000 0006 465 661 287 307 739 257 812 & 


1073 741 824 
2 147 483 648 


0.000 000 000 232 830 645 653 869 628 906 25 
0.000 000 000 116 415 321 826 934 814 453 125 
0.000 060 000 058 207 660 913 467 407 226 562 5 
0.000 060 066 029 103 830 456 735 703 613 281 25 


4 294 967 296 
8 589 934 592 
17.179 869 184 
34 359 738 366 


0.000 000 000 014 551 915 228 366 851 806 640 625 
0.000 000 000 007 275 957 614 183 425 903 320 312 5 
0.000 000 000 003 637 978 807 091 712 951 660 156 25 
0.000 000 000 001 818 989 403 545 856 475 830 078 125 


68 719 476 736 
137 438 953 472 
274 877 906 944 
549 755 813 888 
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0000 000) 
te te 
0777 ostt 
(Octal) | (Decimal 
Octal Decimal 
10000 - 409% 
20000- 8192 
30000 - 12286) 
40000 - 16384 
50000 - 20460) 
60000 - 24576 
70000 - 28672) 
1600 0812 
te te 
W977 102% 
(Octet) | (Deciuel) 
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OCTAL/DECIMAL INTEGER CONVERSIONS 


0006 
0014 0015 
0022 0023 
0030 0031 
0038 0039 
0046 0047 
0054 0055 
0062 


0070 0071 
0078 0079 
0086 0087 
0094 0095 
0102 0103 
0110 O11t 
0118 0119 
0126 0127 


0134 
0142 0143 
0150 0151 
0138 0359 
0166 0167 
0174 0175 
0182 0183 
0190 


0198 
0206 0207 
0214 0215 
0222 0223 
0230 0231 
0238 0239 
0246 
0254 ¢ 


OCTAL/DECIMAL INTEGER CONVERSIONS 


0400 |0256 
0410 |0264 
0420 0272 
0430 '0280 
0440 0288 
0450 | 0296 
0460 | 0304 
0470/0312 


0500 '0320 
0510 10328 
0520 ; 0336 
0530 0344 
0840 | 0352 
0550 0360 
0560 | 0368 
p50 0978 


0610 | 0392 
0400 
0408 
0416 
0424 
0432 


0600 | 0384 
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Se eee its sae! 
6 2 3 4 5 

1025 1026 1027 1028 1929 1030 1281 1282 1283 1284 2000 | 1026 

1033 Lops 1035 1036 1037 °038 1289 1290 1291 1292 1293 is re 

1041 1042 1043 1044 1045 :046 1297 1298 1299 1300 1301 2777 | 1835 


1305 1306 1307 1308 1309 
1313 1314 1335 1316 1317 
13921 1322 1323 1324 1325 
1329 1330 1331 1332 1333 
1337 1338 1339 1340 9341 


1049 1050 105) 1052 1953 1054 
1057 1058 1059 1060 1061 1062 
1065 1066 1067 1068 1069 1070 
1073 1074 1075 1076 1977 1078 
1081 1082 1083 1084 1085 1086 


(Octol) | (Oecimel) 


Octal Decimal 


10000 - 4095 
1089 1090 1091 1092 1093 1094 1345 1346 1347 1348 1349 20000 - 8192 
1097 1098 1099 1100 1101 1102 1353 1354 1355 1356 1357 30000 - 12288 
1105 1106 1107 1208 1109 1110 136! 1362 1363 1364 1365 40000 - 16384 
VEE3 2014 2298 2216 1927 1418 1369 1370 1371 1372 1373 50000 - 2048() 
1121 1122 9923 1224 1125 3126 1377 1378 1379 1360 1381 60000 - 245715 
1129 2130 813 1132 1133 1134 1385 1386 1367 1368 1389 70000 - 2867: 
1137 2138 1139 1140 1141 1142 1393 1394 1395 1396 1397 
1145 1146 3147 1148 1149 1:50 1401 1402 1403 1404 1405 
1153 1154 1155 1156 1157 1158 1409 1410 1411 1412 1423 
1161 1162 2163 1164 1165 1166 1417 1418 1419 1420 1421 
1169 1170 127% 2172 1173 1174 1425 1426 1427 1428 1429 
1177 1178 1179 1180 1281 1182 1433 1434 1435 1436 1437 
1185 1286 1187 1168 1189 1190 1441 1442 1443 1444 1445 
1193 1194 1195 1196 1197 1198 1449 1450 1451 1452 1453 
1201 1202 +1203 1204 1205 1208 1457 1458 1459 1460 1461 
1209 1210 1211 1212 1213 1234 1465 1466 1467 1468 1469 
1217 1218 £219 1220 1221 1222 1473 1474 1475 1476 1477 
1225 1226 1227 1228 1229 1230 1481, 1462 1483 1484 1485 
1233 1234 1238 1236 1237 1238 1489 1490 1491 1492 1493 
1241 1242 1243 1244 1245 1246 1497 1498 1499 1500 1501 
1249 1250 1251 1252 1253 1254 1505 1506 1507 1508 1509 
1257 1258 1259 1260 1261 1262 1513 1514 1515 1516 1517 
1265 1266 1267 1268 1269 1270 1521 1522 1523 1524 1525 
1273 1274 1275 1276 1277 1278 1529 1530 1531 1532 
5 6 
1541 1542 1795 1796 3000 1336 
1549 1550 1803 1804 te te: 
1557 1558 1811 1812 3777 2007 
1565 1566 1819 1820 (Octal) | (Decimal) 
1573 1574 1827 1828 
1581 1582 1835 1836 
1589 1590 1843 1844 
1597 1598 1851 1852 
1605 1606 1859 1860 
1613 1614 1867 1868 
1621 1622 1875 1876 
1629 1630 1883 1884 
1637 1638 1891 1892 
1645 1646 1899 1900 
1653 1654 1907 1908 
1661 1662 1915 1916 
1669 1670 1923 1924 
1677 1678 1931 1992 
1685 1666 1939 1940 
1693 1694 1947 1948 
1701 1702 1955 1956 
1709 1710 1963 1964 
17171718 3660 1968 1971 1972 
1725 1726 3670 1976 1979 1980 
17331734 1735 3700: 1984 1987 1988 
1741 1742 1743 3710 | 1992 1995 1996 
1749 1750 175) 2003 2004 
1757 1758 1759, 2011 2012 
1765 1766 1767! 2019 2020 
1773 1774 1775 2027 2028 
1781 1762 1783 2035 2036 
1789 1790 1791 2043 2044 
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4000 2048 
te te 
4777 2559 


(Octol) | (Decimal) 


Octal Decimal 
10000 - 4096 
20000 - 8192 
30000 - 12288 
40000 - 16384 
50000 - 20480 
60000 - 24576 
70000 - 28672 


5000 2560 
te te 

$777 3071 

Octal) | (Decimal) 


2812 


C-3 


APPENDIX C 
OCTAL/DECIMAL 


INTEGER CONVEISIONS 


C-4 


3333 
3341 
3349 
3357 
3365 
3373 
3361 
3389 


3397 
3405 
3413 
3421 
3429 
3437 
3445 
3453 


346! 
3469 
3477 
3485 
3493 
3501 
3509 
3517 


3525 
3$33 
3541 
3549 
3557 
3565 
3573 
3581 


3334 
3342 
3350 
3358 
3366 
3374 
3382 
3390 


3398 
3406 
3414 
3422 
3430 
3438 
3446 
3454 


3462 
3470 
3478 
3486 
3494 
3502 
3510 
3518 


3526 
3534 
3542 
3550 
3558 
3566 
3574 
3582 


3335 
3343 
3351 
3359 
3367 
3375 
3383 
339) 


6000 3072 
to to 
6777 356) 


(Octal) | (Decimal) 


Octal Oecimal 


10000 - 4094 
20000- 8192 
30000 - 12286) 
40000 - 16384 
50000 - 20480) 
60000 - 24576 
70000 - 28672 


7000 3584 
to te 
7797 4095 
(Octal) | (Decimel) 
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APPENDIX D 
OCTAL. DECIMAL FRACTION CONVERSIONS 


OCTAL/DECIMAL FRACTION CONVERSIONS 


DEC. OCTAL DEC. 
. 600000 . 125000 . 200 . 250000 . 375000 
- 001953 . 126953 202 «281953 .976953 
- 003906 . 329906 - 202 . 253906 - 378906 
. 008859 . 130859 +203 « 285859 - 380859 
007812 2 132812 - 204 + 257812 - 382812 
. 009765 . 134765 «208 » 289765 . 384765 
032718 .33€718 . 206 2 2617168 98667186 
019671 /13ee 7d 207 - 26367! - 368671 
. 018625 . 140625 210 - 265625 - 390625 
. 017878 . 142578 .2nt . 267878 - 392578 
019831 344531 282 - 269531 . . 994531 
021484 « 146484 2213 . 271464 . 396484 
- 023437 » 148437 2214 - 273437 . - 398437 
» 025390 . 150390 215 . 278390 - 400390 
027343 «3152343 2216 - 277343 , 402343 
. 029296 . 184296 217 . 279296 - 404296 
«031250 » 1$6280 +220 - 281250 - 406250 
. 033203 . 188203 221 » 283203 - 408203 
- 035156 - 160156 +222 - 265156 410156 
2037109 . 162109 223 - 287109 «412109 
- 039062 - 164062 «224 - 289062 - 414062 
041015 . 166015 2228 291015 - 416015 
042968 . 167968 +226 - 292966 - 417968 
044921 . 169921 2227 . 294921 .419921 
046875 - 2728675 «230 - 296875 2421875 
- 048628 «173828 231 - 298826 - 423826 
. 050781 . 175781 - 232 - 300783 . - 426781 
. 052734 . 177734 -233 - 302734 2427734 
054687 . 179687 234 - 304687 - 429687 
- 056640 . 181640 «235 - 306640 - 431640 
- 956593 . 183593 236 . 308593 » 433593 
- 060546 - 185546 237 «310546 » 435546 
. 062800 . 187500 240 » 312500 » 437500 
- 064453 . 189453 241 - 314453 - 439453 
- 066406 ~ 191406 « 242 + 316406 » 441406 
- 068359 . 193354 243 - 328359 - 443359 
2070312 . 195312 244 - 320312 . 2445312 
2972265 . 197265 245 - 322265 447265 
- 074218 ° - 199216 246 - 3924218 - - 449218 
076171 201373 -247 . 326171 461271 
- 078125 . 203125 . 250 - 328125 2453125 
080078 » 205078 251 - 330076 - 455078 
. 0862031 . 207031 - 252 - 332031 2457031 
. 083984 . 208984 - 253 - 333984 - 458984 
965937 . 210937 254 - 335937 - 460937 
. 087890 . 212890 255 - 337890 : - 462890 
- 08698643 2214843 - 256 - 339843 - 464843 
091796 . 216796 «287 » 941796 - 466796 
- 093750 - 216750 . 260 » 343750 - 468750 
095703 «220703 - 261 - 345703 - 470703 
- 097656 . 222656 - 262 - 347656 - 472656 
099609 . 224609 + 263 - 349609 - 474609 
- 101862 «226562 - 264 2351562 . 476562 
- 103515 228815 «265 2383515 2478515 
- 105468 . 230468 - 266 - 355468 . 480468 
. 107421 - 232421 - 267 - 357421 » 482421 
. 109375 . 234375 2270 . 359375 » 484375 
. 131328 . 236328. .271 - 361326 - 486328 
- 113261 . 238281 2272 - 363283 . 488281 
~ 115234 . 240234 273 - 365234 2490234 
o 1173087 242187 274 - 367167 - 492187 
- 119140 244140 : 278 - 369140 » 494140 
. 321003 2 246093 278 - 371003 . 496093 
- 123046 . 348046 -277 - 373046 498046 


APPENDIX OD 
OCTAL/DECIMAL FRACTION CONVERSIONS 


DEC, OCTAL DEC, OC TAL 


- 000200 . 000488 . 000300 . 000732 


- 000000 - 000000 . 000100 200244 

000001 - 000003 - 000101 - 2001247 000201 . 000492 . 000301 . 000736 
- 000002 - 000007 , 000102 - 900251 - 000202 000495 . 000302 . 000740 
- 000003 - 00001 000103 . 000255 - 000203 . 000499 . 000303 000743 
. 000004 000018 , 000104 . 00259 . 000204 . 000503 . 000304 . 000747 
- 000005 000019 - 000105 . 001263 . 000205 . 000597 . 000305 . 000751 
- 000006 - 000022 . 000106 . 90267 . 000206 - 000511 - 000306 000755 
. 000007 - 000026 000107 - 900270 - 000207 - 000514 - 000307 . 000759 
000010 . 000030 000110 00274 -000210 . ,000518 . 000310 , 000762 
000011 000034 000111 - 900278 . 000211 . 000522 - 000311 . 000766 
000012 - 000036 - 000112 - 900282 - 900212 - 000526 - 000312 . 000770 
000013 000041 -000113 . 0001286 000213 . 600530 - 000313 000774 
- 000014 000045 | 000114 . 000289 000214 . 000534 - 000314 . 000778 
. 000015 000048 | - 000115 - 900293 . 000215 - 000537 . 000315 . 000782 
- 000016 000053 - 000116 2000297 - 000216 . 000541 - 000316 , 0007865 
000017 . 0600087 000117 200301 . 000217 - 600545 . 000317 000789 
. 000020 . 000061 . 000120 . 900305 . 000220 - 060849 - 000320 . 000/99 
000021 000064 - 000121 - 900308 - 000221 . 000553 - 000321 . 000797 
000022 . 000068 000122 - 000312 . 000222 . 009556 - 000322 . 000601 
. 000023 . 000072 000123 - 000316 . 000223 , 000560 - 900323 . 000805 | 
000024 - 000076 000124 - 900320 - 000224 - 000564 . 000324 . 000808 
000028 . 000080 - 000125 2 900324 000225 - 000568 - 000325 000812 
. 000026 000083 . 000126 - 900328 - 000226 . 600572 - 000326 . 000816 
000027 . 000087 000127 006331 - 0900227 . 000576 - 000327 . 000820 
. 000030 -000091 - 000130 - 900335 - 000230 . 000579 - 000330 . 000623 
. 000031 . 000095 000131 - 906339 . 000231 , 000583 . 000331 0008627 
- 000032 000099 . 000132 - 900343 , 000232 - 000587 - 600332 000831 
000033 000102 - 000133 - 006347 . 000233 . 600591 . 000333 - 000835 
000034 - 000106 - 000134 - 000350 000234 . 000595 . 000334 000839 
. 000035 «600110 - 000135 - 000354 000235 . 009598 - 000335 - 000843 
- 000036 000114 — . 000136 . 906358 - 000236 . 000602 - 000336 . 0008646 
000037 000118 - 000137 - 000362 . 000237 . 600606 . 000337 . 000850 
. 000040 . 000122 - 000140 906366 . 000240 - 000610 - 000340 . 000654 
000041 - 000125 000141 - 006370 . 000241 . 000614 . 000341 - 000858 
. 000042 000129 . 000142 - 9006373 | - 000242 . 000617 . 000342 . 000662 
000043 . 000133 - 000143 900377 { 000243 . 000621 - 000343 000865 
000044 - 000137 - 000144 - 000381 : 000244 . 000625 . 000344 . 000869 
900045 000141 .000145) =. 000:985 - 000245 . 000629 - 000345 000873 
000046 000144 000146 - 900389 - 000246 - 000633 - 000346 000877 
. 000047 - 000148 - 000147 - 006392 . 000247 . 000637 - 000347 - 000881 
. 000050 - 000152 . 000150 - 900396 . 000250 - 000640 - 000350 . 000885 
. 000052 - 000156 000151 - 900400 . 000251 . 000644 . 000351 -000888 
. 000052 000160 | . 000152 900404 . 000252 . 000648 - 000352 - 000892 
. 000053 , 000164 - 000153 900408 . 000253 . 000652 - 000353 - 000896 
. 000054 . 000167 . 000154 900411 - 000254 . 000656 . 000354 - 000900 
000058 000171 000158 000415 - 000255 - 000659 - 000355 000904 
. 000056 000175 000156 006419 . 000256 . 000663 - 000356 - 000907 
. 000087 000179 000157 000423 . 000257 . 000667 000357 000911 
000060 000183 . 000160 900427 . 000260 . 000671 . 000360 .000915 
- 000061 - 000166 -000161 000431 - 000261 . 000675 - 000361 - 000919 
000062 .000190 | - 000162 000434 , 000262 . 000679 .000362 ,000923 
000063 000194 - . 000163 000438 . 000263 - 000682 . 000363 . 000926 
000064 000198 - 000164 000 442 . 000264 - 000686 . 000364 . 000930 
- 000065 000202 | - 000165 - 900446 000265 . 000690 . 000365 - 000934 
. 000066 , 000205 000166 - 000450 . 000266 - 000694 - 000366 - 000938 
. 000067 - 000209 : - 000167 - 000453 . 000267 . 000698 - 000367 . 000942 
- 000070 000213 | 2000170 - 90 457 . 000270 - 000701 . 000370 - 000946 
. 000071 000317 : 000171 - 00f 461 - 000271 - 000705 - 000371 - 000949 
000072 - 000221 000172 2000465 000272 . 000709 - 000372 - 000953 
. 000073 - 000225 000173 -00(469 - 000273 . 000713 - 000373 - 000957 
. 000074 000228 000174 - 000473 . 000274 009717 - 000374 - 000961 
- 000075 - 000232 000175 000476 000275 - 000720 - 000375 - 000965 
- 000076 000236 «000176 - OC 480 - 000276 - 000724 . 000376 . 000968 
000077 OOOLTT - 000484 . 000277 - 000728 - 000377 - 000972 


OCTAL DEC. 

.000400 =. 000976 
.000401 =, 000980 
000402 =, 000984 
.000403 =, 000988 
.000404 =, 000991 
.000405 —_, 000995 
000406 000999 
.000407 =, 001003 
.000410 =, 001007 
.000411 =, 001010 
,000412 — , 001014 
-000413 =, 001016 
.000414 =, 001022 
.000415 001026 
.000416 =. 001029 
.000417 , 001033 
.060420 , 001097 
000421 =, 001041 
000422 =, 001048 
.000423 =, 001049 
060424 =, 001052 
.000425 =, 001056 
000426 =. 001060 
.000427 001064 
.000430 = 001068 
.000432 =, 001071 
.000432 =, 001075 
.000493 = 001079 
000434 =, 001083 
.000435 —_, 001087 
000436 =, 001091 
.000437 —_, 001094 
.000440 =, 101098 
000441 =, 001102 
.000442 =, 001106 
.000443 =, 001110 
.000444 =, 001113 
.000445 =, 001117 
.000446 =, 001121 
000447 =, 001125 
.000450 =, 001129 
-000451 =, 001132 
.000452 _, 001136 
.000453 =, 601140 
.000454 =, 008144 
.000455 001148 
000456 =, 001152 
.000457 =, 001355 
.000460 =, 001159 
.G0046: = 001169 
.000462 =. 001167 
.000463 =, OOLATL 
000464 =, 001174 
.000465 =, 001178 
000466 =, 001182 
000467 =, 001266 
.000470 =, 002190 
.000471 =, 001194 
.000472 =, 001197 
000473, 001201 
000474 =, 001208 
000475 =, 001208 
-000476 =, 001213 
.000477 =, 001216 


—— 


«000500 
000501 
. 000502 
. 900503 
000504 
000505 
. 900506 
000507 
, 000510 
000511 
. 060512 
060513 
000514 
000515 
000516 
- 000517 


000520 
000321 
000522 
. 000523 
000524 
. 000525 
. 000526 
006527 
. 000530 
.000531 
000532 
000533 
, 000534 
.000535 
. 000538 
000557 
000540 
.000541 
000542 
000543 
000544 
. 000545 
000546 
. 000547 
000550 
, 000551 
000552 
. 000553 
000554 
. 000555 
. 009556 
.000557 
. 000560 
, 000561 
. 000862 
. 000565 
000564 
. 000565 
. 000566 
. 000567 
, 000570 
.000571 
. 000572 
. 900873 
. 000874 
- 000575 
, 000576 
000577 


. 001220 
001224 
001228 
001232 


"001235 


003299 
001243 
001247 
OOs251 
008255 
001058 
001262 
003266 
. 003270 
001274 
001277 


~OO12AL 
001285 
OOF2R9 
092293 
6001296 
- 001300 
001304 
001908 
991312 
9013165 
001909 
001323 
099327 
001331 
NOLIIG 
, 009339 
 OO1942 
001346 
2000959 
008354 
O0335R 
001961 
001365 
001389 
001973 
001377 
001380 
001384 
~ O013R8 
001392 
001396 
001399 
001403 
001407 
2901411 
001415 
001419 
001422 
001426 
001430 
001434 
001438 
002441 
001445 
001449 
001453 
001457 
001461 


OL TAL 


000600 
000601 
.HnnEn2e 
~ 00603 
2 ONNGNE 
000605 
, 000606 
«900607 
000610 
000611 
- O0NE12 
.ON0619 
. OOORI4 
009615 
900616 
09617 


000620 
OONKAL 
000622 
000623 
000624 
900625 
. 000626 
000627 
.nnnnan 
000631 
2900632 
2900033 
990034 
ONES 
NGA IG 
900637 
. 900840 
00004) 
 NONHAZ 
900643 
OAD 
MOY Bey 


. ONOG6AG 

OONEAT 

.ONNt5) 
‘ 


NT aN a 


Anno 
~NN0L52 
900653 
900654 
000655 
000656 
- 900657 
009686 
| 00066) 

000662 

009663 

000664 

000685 

- 000666 

000667 
. 000670 
000671 
000672 
. 000673 
000674 
000675 
- 000676 
000677 


DEC, 


001464 
. 001468 
001472 
- 008476 
. 901480 
 ONTGAR 
. 0014A7 
901491 
. 001495 
001499 
001502 
. 001596 
001530 
901514 
. 001518 
. 001822 
001525 
. 001529 
. 001533 
, 001537 
001541 
- 001544 
«091548 
. 001552 
. 001556 
. 001560 
O01584 
001587 
091571 
. 001575 
001879 
OTIS 
eNAIGRE 
2001590 
AUER) 
901598 
901602 
.901605 
ONTHOY 
903613 
001617 
- 901621 
091625 
. ONTHIS 
0014632 
001636 
. 001640 
. 901644 
001847 
001651 
. 001655 
- 001655 
. 001663 
001667 
. 001670 
. 001674 
- 001678 
001682 
. 001686 
- 001689 
. 001693 
. 001697 
. 001701 
. 001705 


OCTAL 


000709 
00070) 
990792 
090703 
909704 
. 900795 
000706, 
.0NNI0F 
000710 
9090711 
000782 
.090713 
000714 
099715 
900716 
000717 


00072 
900721 
00722 
000723 
000724 
000725 
000726 
000727 
, 099730 
000731 
000732 
000739 
O0NT 84 
000734 
900795 
000797 
009740 
000741 
.ONNTAZ 
MONTES 
060744 
» 900745 
-9N07446 
ONNT47 
.ONNTSH 
O0ITG) 


009742 


000755 
, 000754 
900755 
900756 
000757 
 ON0THG 
900761 
. 000762 
09763 
O007H4 
. 000765 
. 000766 
000767 
. 000770 
000771 
- 000772 
. 000773 
000774 
. 000775 
- 000776 
000777 
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bre, | 
991708 


ONLIG2 
09S 
OMNT20 
94724 
. 909724 
AOVT 
901733 
001739 
991743 
001747 
900750 
OOTY 
001758 
OOLIAZ 
901766 


901770 
NOITT2 
2991777 
OOUTHL 
001765 
99017A9 
001792 
- 061796 
991800 
00184 
OOPRHA 
OMT8I) 
AU Bal £4) 
PDE tal 8 
GNT623 
PALE ir 3 
001891 
UE ao | 
etn os ol 
PU ak 24 
2 OOLRSG 
 ONIKSO 
.091853 
» 90157 
NOTKGL 
NOIRGS 
-OO1KGD 
.ON14873 
OORT 
» SOLARD 
001484 
» OO1BAR 
601892 
091645 
001499 
- 001903 
. 001907 
001911 
001914 
OOLIIB 
+ 901922 
. 001926 
. 001930 
- 001934 
- 001937 
001941 
. 001945 
. 001949 


APPENDIX E 
ALPHABETIC INDEX OF 620/L INSTRUCTIONS 


Mnemonic 
ADD 


ADDE 


ADDI 


ANA 


ANAE 


ANAI 


AOFA 


AOFB 


AOFX 


ASLA 


ASLB 


ASRA 


Octal 
120000 


00612z 


006120 


150000 


00615z 


006150 


005511 


005522 


005544 


00420x +n 


00400x +n 


00430x +n 
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620/L INSTRUCTIONS 


Description 
Add to A register 


Add to A register 
extended 


Add to A register 
immediate 


AND to A register 


AND to A register 
extended 


AND to A register 
immediate 


Add OF to A 
register 


Add OF to B 
register 


Add OF to X 
register 


Arithmetic shift 
left A n places 


Arithmetic shift 
left B n places 


Arithmetic shift 
right A n places 


ee 


E-1 


WDS/ _ Time 
Inst Cycles 

l 2 

2 3 

2 2: 

1 2 

2 3 

2 2 

l 1 

1 1 

1 1 

1 1+0.25n 
1 1+0.25n 
1 1+0.25n 


Indirect 
Address 


Yes 


Yes 


Yes 


No 


No 


No 


No 


No 


No 


APPENDIX E 


ALPHABETIC INDEX OF 620/L INSTRUCTIONS 


Mnemonic 


ASRB 


CIA 


CIAB 


CIB 


CPA 


CPB 


CPX 


DAR 


DBR 


x = O through 7; z 


Octal 


Description 


00410x+n_ Arithmetic shift 


1025xx 


1027xx 


1026xx 


005211 


005222 


005244 


005311 


005322 


right B n places 


Clear and ‘nput 
to A register 


Clear and nput 
to A and EB reg- 


ister 


Clear and nput 
to B register 


. Complement A 
register 


Complement B 
register 


Complement X 
register 


Decrement A 
register 


Decrement B 
register 


4 through 7 


E-2. 


WDS/ Time 
Inst Cycles 
] 1 +0.25n 
1 Z 

] 2 

1 2 

1 1 

1 1 

1 1 

l 1 

1 1 


Indirect 
Address 


No 


No 


No 


No 


No 


No 


APPENDIX £ 
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WDS/ Time Indirect 

Mnemonic Octal Description Inst Cycles Address 

DIV 170000 Divide AB register 1 10 14 Yes 
16-bit 

DIVE 00617z | Divide AB register W 1115 Yes 
16-Bit 

DIVI 006170 Divide AB register 2 10-14 No 
immediate  16-Bit 

DXR 005344 Decrement X regis- 1 1 No 
ter 

ERA 130000 Exclusive-OR to A 1 2 Yes 
register 

ERAE 00613z Exclusive-OR to A 2 3 Yes 
register extended 

ERAI 006130 Exclusive-OR to A 2 2 No 
register immediate 

EXC 1 00xxx External control 1 l No 
function 

HLT 000000 Halt 1 1 No 

IAR 005111 Increment A regis: ] 1 No 
ter 

IBR 005122 Increment B regis- I l No 
ter 

IME 1020xx — Input to memory 2 3 No 


E 3 
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WDS/ Time indirect 


Menmonic Octal Description Inst Cycles Address 

INA 1021 xx Input to A register 1 2 No 

INAB 1023xx Input to A and ] 2 No 
B registers 

INB 1022xx Input to E register 1 2 No 

INR 040000 Increment and ] 3 Yes 
replace 

INRE 00604z Increment and 2 4 Yes 
replace extended 

INRI 006040 Increment and 2 3 No 
replace immediate | 

IXR 005144 Increment X regis- 1 1 No 
ter 

JAN 001004 Jump if A register Z 2 Yes 
negative 

JANM 002004 Jump and mark if 2 2:3 Yes 
A register nega- 
tive 


x = 0 through 7; = 4 through 7 
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WDS/ Time Indirect 

Mnemonic Octal Description Inst Cycles Address 

JAP 001002 Jump if A register 2 2 Yes 
positive or zero 

JAPM 002002 Jump and mark if A 2 2-3 Yes 
register positive 

JAZ 001010 Jump if A register 2 2 Yes 
zero 

JAZM 002010 Jump and mark if 2 2-3 Yes 
A register zero 

JBZ 001020 Jump if B register 2 2 Yes 
Zero : 

JBZM 002020 Jump and mark if 2 2-3 Yes 
B register zero 

JMP. 001000 Jump uncondition- 2 2 Yes 
ally 

JMPM 002000 Jump and mark 2 3 Yes 
unconditionally 

JOF 001001 Jump if overflow ya 2 Yes 
on 

JOFM 002001 Jump and mark if 2 2-3 Yes 
overflow on 

JSIM 002100 Jump and mark if 2 2:3 - Yes 


SENSE switch 1 on 
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Mnemonic 


JS2M 


JS3M 


JSS1 


JSS2 


1593 


JXZM 


LASL 


Octal 
002200 


002400 


001100 


001200 


001400 


002040 


00440x +n 


00450x +n 


Description 


Jump and mark tf 
SENSE switch 2 on 


Jump and mark if 
SENSE switch 3 on 


Jump if SENSE 
switch 1 on 


Jump if SENSE 
switch Zz on 


Jump if SENSE 
switch 3 on 


Junta at oC register 
zero 


Jump and mari if 
X register zero 


Long arithmetic 
shift left n places 


Long arithmetic 
shift right n 
places 


x = QO through 7;z = 4 through 7 


£6 


Time 
Cycles 


fap 


2-3 


2-3 


1+0.50n 


1 + 0.50n 


Indirect 
Address 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


No 


Mnemonic 
LDA 
LDAE 


LDAI 


LDB 


LDBE 
LDBI 


LDX 


LDXE 
LDXI 
LLRL 
LLSR 


LRLA 


Octal 
010000 


00601z 


006010 


020000 


00602z 


006020 


030000 


00603z 


“006030 


00444x +n 


00454x +n 


00424x +n 
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WDS/ Time 
Description Inst Cycles 
Load A register 1 2 
Load A register 2 3 
extended 
Load A register 2 2 
immediate 
Load B register 1 2 
Load B register 2 3 
extended 
Load B register 2 2 
immediate 
Load X register ] 2 
Load X register 2 3 
extended 
Load X register 2 2 
immediate 
Long logical rotate 1 1+0.50n 
left n places 
Long logical shift 1 1+0.50n 
right n places 
Logical rotate left ] 1+0.25n 


A n places 
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Indirect 
Address 


Yes 


Yes 


Yes 


No 


No 


No 


No 
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Mnemonic 
LRLB 


LSRA 


LSRB 


MUL 


MULE 


OAB 


OAR 


OBR 


Octal 
00404x +n 


00434x +n 
00414x+n 
160000 


00616z 


005000 


1033xx 
1031 xx 


1032xx 


Description 


Logical rotate 
left B n places 


Logical shift 
right A n places 


Logical shift 
right B n places 


Multiply {3 register 
16-Bit 


Multiply B register 
extended 16-Bit 


Multiply 8 register 
immediate  16-Bit 


No operation 


Output from A and 
B registers 


Output from A 
register 


Output from B 
register 


x = 0 through 7; z = 4 through 7 


Time 
Cycles 


1+0.25n 


1+0.25n 


1+0.25n 


10 


11 


10 


Indirect 
Address 


No 
No 
No 
Yes 
Yes 
No 


No 


No 


No 


Mnemonic 


OME 


ORA 


ORAE 


ORAI 


SOFB 


SOFX 


STA 


STAE 


Octal 
1030xx 


110000 


00611z 


006110 


007400 


101xxx 


005722 


005744 


050000 


00605z 


APPENDIX E 


ALPHABETIC INDEX OF 620/L INSTRUCTIONS 


Description 


Output from memory 


Inclusive-OR to 
A register 


Inclusive-OR to 
A register extended 


Inclusive-OR to A 
register immediate 


Reset overflow 


Sense. input/output 
lines 


Set overflow 


Subtract OFLO 
from A register 


Subtract OFLO 
from B register 


Subtract OFLO 
from X register 


Store A register 


Store A register 
extended 


E-9 


WDS/ Time Indirect 
Inst Cycles Address 
2 3 No 
1 2 Yes 
2 3 Yes 
2 Z No 
l ] No 
2 2 Yes 
1 1 No 
1 1 No 
1 1 No 
1 1 No 
1 2 Yes 
2 3 Yes 
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WDS / Time 
Mnemonic Octal Description Inst Cycles 
STAI 006050 Store A register 2 2 
immediate 
STB 060000 Store B register 1 2 
STBE 00606z Store B register Z 3 
extended 
STBI 006060 Store B register 2 2 
immediate 
STX 070000 Store X register 1 2 
STXE 00607z Store X register 2 S 
extended 
STX| 006070 Store X repister 2 2 
SUB 140000 Subtract from A 1 2 
register 
SUBE 00614z Subtract from A 2 3 


register extended 


x = O through 7; z = 4 through 7 
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Indirect 
Address 


No 


Yes 


Mnemonic 


SUBI 


TAB 


TAX 


TBA 


TBX 


TXA 


TXB 


TZA 


TZB 


TZX 


XAN 


XAP 


Octal 
006140 


005012 


005014 


005021 


005024 


005041 


005042 


005001 


005002 


005004 


003004 


003002 
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Description 


Subtract from A 
register tmmediate 


Transfer A to B 


_ register 


Transfer A to X 
register 


Transfer B to A 
register 


Transfer B to X 
register 


Transfer X to A 
register 


Transfer X to B 
register 


Transfer zero to 
A register 


Transfer zero to 
B register 


Transfer zero to 
X register 


Execute if A reg 
ister negative 


Execute if A reg: 


ister positive 


‘11 


WDS/ 
Inst 


Time 
Cycles 


2 


Indirect 
Address 


No 


No 


No 


Yes 


APPENDIX E 


ALPHABETIC INDEX OF 620/L INSTRUCTIONS 


Mnemonic 


XAZ 


XBZ 


XEC 


XOF 


XS1 


XXZ 


Octal 
003010 


003020 


003000 


003001 


003100 


003400 


003040 


Description 
Execute if A reg- 


ister zero 


Execute if B reg- 
ister zero 


Execute uncon- 
ditionally 


Execute if over- 
flow set 


Execute if SENSE 
switch 1 set 


Execute if SENSE 
switch 2 set 


Execute if SENSE 
switch 3 set 


Execute if X reg- 
ister zero 
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WDS / Time 
Inst Cycles 
2 2° 
2 Z 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 


Indirect 
Address 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 
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APPENDIX F 


TYPE INDEX OF 620/L INSTRUCTIONS 


Table F-1. Single-Word Addressing Instructions 


Op Code 


Code Mnemonic 


Load/Store Instruction Group 


01 LDA 
02 _DB 
03 LDX 
05 STA 
06 STB 
07 STX 


Arithmetic Instruction Group 


04 INR 
012 ADD | 
014 SUB 
016 MUL 
017 DIV 


Logical Instruction Group 


011 ORA 
013 ERA 


015 ANA 


Instruction 


Load A register 
Load B register 
Load X register 
Store A register 
Store B register 
Store X register 


Increment and replace 

Add memory to A register 

Subtract memory from A 
register 

Multiplication 

Division 


Inclusive-OR memory 
and A register 
Exclusive-OR memory 
and A register 
AND memory and A 

register 


F-1 


Timing (cycles) 


10-14 
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Table F-1. Single-Word Addressing Instructions (continued) 


Addressing Modes 


M Field Addressing . 

11 10 9 Mode Operation 

6) x Xx Direct Combine bits 9 and 10 with A field 
(0-8) to form the effective address 
(000000-002047) 

1 0 0 Relative Add the A field to the contents of 
the P register to form the effective 
address 

] 0 1 Indexed Add the A field to the contents of 

(X register) the X register to form the effective 
address 

1 1 0 Indexed Add the A field to the contents of 

(B register) the B register to form the effective 
address 

] 1 ] Indirect The A field specifies the location 


of an address word 


Table F-2. Single-Word Nonaddressing Instructions 


Op Code . M A 4 Timing 

Code Mnemonic _ Field Field Instruction (cycles) 
00 HLT 6) XXX Halt 1 
00 NOP 5 000 No operation 1 
00 ROF. 7 400 Reset overflow 1 
00 SOF 7 401 Set overflow 1 


F.2 
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Table F-3. Shift Group Instructions 


Format 
A Field Bits 
Op Code M Field 8 7 6 5 4.0 
00 4 O = A 0.2 BR QO = O 
or B left arithmetic 
shift Shift 
Count 
1=A 1=A [i he Y= (0-031) 
and B right logical 
rotation 
Shift Instruction Codes 
Mnemonic A Field Description Timing (cycles) 
ASLB 0000 Arithmetic left shift B 1 + 0.25 nsec 
LRLB 0001 Logical left rotate B 1 + 0.25 nsec 
ASRB 0010 Arithmetic left shift B 1 + 0.25 nsec 
LSRB 0011 Logical right shift B 1 + 0.25 nsec 
ASLA 0100 Arithmetic left shift A 1 + 0.25 nsec 
LRLA 0101 Logical left rotate A 1 + 025 nsec 
ASRA 0110 Arithmetic right shift A 1 4+ 0.25 nsec 
LSRA 0111 Logical right shift A 1 + 0.25 nsec 
LASL 1000 Long arithmetic left shift A 
and B 1 + 0.50 nsec 
LLRL- 1001 Long logical left rotate A 1 + 0.50 nsec 
and B 1 + 0.50 nsec 
LLSR 1011 Long logical right shift A 1 + 0.50 nsec 
and B 1 + 0.50 nsec 
1100 Invalid 
1101 Invalid 
1110 Invalid 
1111 Invalid 
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Table F-4. Register Change Group Instructions 


Format 
A Field Bits 
: Source Destination 
M Field 8 7 6 5 4 3 2 1 0 Type 
05 See OO 0 x B A x B A. Unchanged 
note O 1 Increment 
2 1 0 Complement 
i] ] Decrement 


NOTES 


1. Multiple source transter results in an inclusive-OR; multiple 
source transfer complemented results in a complemented inclusive- 
OR. 


2. Bit 8 = conditional indicator. If bit 8 Is zero, the instruction is 
unconditionally executed. If bit 8 is one, the instruction is executed 
only if the overflow indicator is on. 


Register Change Instruction Codes 


Mnemonic A Field Description Timing (cycles) 
TZA 0001 : Transfer zeros to A register 1 
TZB 0002 Transfer zeros to B register 1 
TZX 0004 . Transfer zeros to X register ] 
TAB 0012 — Transfer A register to B register 1 
TAX | 0014 Transfer A register to X register 1 
TBA 0021 | Transfer E register to A register ] 


Fa 


Table F-4. Register Change Group Instructions (continued) 


Mnemonic A field 


TBX 
TXA © 
TXB 
IAR 
IBR 
IXR 
CPA 
CPB 
CPX 
DAR 
DBR 
DXR 
AOFA 
AOFB 
AOFX 
SOFA 
SOFB 
SOFX 


0024 
0041 
0042 
0111 
0122 
0144 
0211 
0222 
0244 
0311 
0322 
0344 
0511 
0522 
0544 
0711 
0722 
0744 
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Description 


Transfer B register to X register 
Transfer X register to A register 
Transfer X register to B register 
Increment A register 

Increment B register 

Increment X register 
Complement A register 
Complement B register 
Complement X register 
Decrement A register 

Decrement B register 

Decrement X register 

Add overflow to A register 

Add overflow to B register 

Add overflow to. X register 
Subtract overflow from A register 
Subtract overflow from 6 register 
Subtract overflow from xX register 


Timing (cycles) 


fe a ne ee ee ee 
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Table F-5. Jump Group Instructions 


Format 
Op M A Field 
Code Field 8 7 6 5 4 3 
00 1 SS3. SS2 SSIl X= B= A= 
on on on O O () 


Note that the jump condition is the logical-AND of all A field bits. 


Jump Instruction Codes 


Mnemonic A Field Description 
JMP 0000 Jump unconditionally 
JOF 0001 Jump if overflow is set 
JAP | 0002 Jump if A register is 

7 positive or zero 

JAN 0004 Jump if A register is negative 
JAZ 0010 Jump is A register is zero 
JBZ 0020. Jump if 3 register is zero 
JXZ 0040 : Jump tf X register is zero 
JSS1 0100 Jump if SENSE switch 1 is set 
JSS2 0200. Jump if SENSE switch 2 Is set 
JSS3 0400 Jump if SENSE switch 3 is set 


FO. 


2 1 0 
Ax A= OF 
0 0 1 


Timing (cycles) 


2 
2 
2 


NO RM PR PM NM PN PO 
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Table F-6. Jump-and-Mark Group Instructions 


Format 
Op M A Field Bits 
Code Field 8 7 6 5 4 3 2 1 0 
00 01 $83 S$S2 SS!i X= B= A= & A> OF = 
on on on 0 0 9) 0 O ] 
Jump-and-Mark Group Instructions 
Mnemonic A Field Description Timing (cycles) 
JMPM 0000 Jump and mark unconditionally 3 
JOFM 0001 Jump and mark if overflow is 
set Ze 
JAPM 0002 Jump and mark if A register 
is positive Ze 


* If jump condition is met, 3 cycles. 
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Mnemonic 


JANM 


JAZM 


JBZM 


Table F-6. Jump-and-Mark Group Instructions (continued) 


A Field 
0004 
0010 
0020 
0040 ° 
0100: 
0200. 


0400 | 


Jump 
Jump 
Jump 
Jump 
Jump 
Jump 


Jump 


Description 


and mark if A register 
is negative 

and mark if A register 
IS zero 

and mark if B register 
Is zero 

and mark if X register 
Is zero 

and mark if SENSE 
switch | is on 

and mark if SENSE 
switch 2 1s on 

and mark if SENSE 
switch 3 1s on 


Hf yump condition ts met, 3 cycles 


I & 


Timing (cycles) 
ae 


2 


Table F-7. Execution Group Instructions 


Op M 
Code Field 8 
00 03 $S3 


* Note that the execution condition is the logical-AND of all A field bits. 


instruction must be one word. 


Format 

A Field Bits 
6 5 4 3 2 
Ss. oK= B= A= Ax 
on 0 0 0 0 


Execution Instructions 
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The executed 


Mnemonic A Field 


XEC 
XOF 
XAP 


XAN 
XAZ 
XBZ 
XXZ 
XS1 

XS2 


XS3 


0000 
0001 
0002 


0004 
0010 
0020 
0040 
0100 
0200 


0400 


Description 


Execute unconditionally 
Execute if overflow is set 
Execute if A register Is 
positive 
Execute if A register 
negative 
Execute if A vegister is zero 
Execute if B register is zero 
Execute if X register is zero 
Execute if SENSE switch 1 ts 
set 
Execute if SENSE switch 2 is 
set 
Execute if SENSE switch 3 is 
set 


S 
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Timing (cycles) 


NR 


POM HM 


NO 
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Mnemonic 


LDAI 
LDBI 
LDXI| 
INRI 


STAI 
STBI 
STX| 
ORAI| 
ADDI 
ERAI 
SUBI 


Mnemonic 


ANAI 
MULI 
DIVI 


M Field 


06 
06 
06 
06 


06 
06 
06 
06 
06 
06 
06 


M Field 
06 


06 
06 


Table F-8. Immediate Group Instructions 


A Field 


0010 
0020 
0030 
0040 


0050 
0060 
0070 
0110 
0120 
0130 
0140 


A Field 


0150 


0160 
0170 


Description 


Load A register immediate 

Load B register immediate 

Load X register immedtate 

Increment and replace 
immediate 

Store A immediate 

Store B immediate 

Store X immediate 

Inclusive-OR immediate 

Add immediate 

Exclusive-OR immediate 

Subtract immediate 


Description 


AND immediate 
Multiply immediate 
Divide immediate 


Timing 
(cycles) 


RO 


W NR PR 


NOM MMB NM PM PO 


Timing 
(cycles) 


2 
10 
10-14 
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Table F-9. Input/Output Group Instructions 


Timing 
Mnemonic M Field A Field Description (cycles) 
Op Code = 010 

EXC 00 Xzz* External control 1 
SEN 01 XZZ Program sense 2 
IME 02 0zz Input to memory 3 
INA 02 Olzz —sinputt to the A register 2 
INB 02 02zz Input to the B register 2 
-INAB 02 032z ORed input to ORed 2 

A and B registers 
CIA 02 05zz Clear and input to the 2 

A register 
CIB 02 062z Clear and input to the 2 

B register 
CIAB 02 072z Clear and input to the 2 

A and B registers 

OME 03 00zz Output from memory 3 
OAR 03 Olzz Output from the A register 2 
OBR 03 0222 Output from the B register 2 
OAB 03 032z Output inclusive-OR of 2 


A and 8B registers 


* x = mode or logical unit number; z = device address 
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Mnemonic 


LDAE 
LDBE 
LDXE 
STAE 
STBE 
STXE 
INRE 


ADDE 
SUBE 


MULE 
DIVE 
ORAE 
ERAE 
ANAE 


Table F-10. Optional Extended Addressing Instructions 


M Field 


06 
06 
06 
06 
06 
06 
06 


06 


06 


06 
06 
06 
06 
06 


A Field 


001x 
002x 
003x 
005x 
006x 
007x 
004x 


012x 


014x 


016x 
017x 
O11x 
013x 
015x 


Description 


Load A register extended 
Load B register extended 
Load X register extended 
Store A register extended 
Store B register extended 
Store X register extended 
Increment and replace 
extended 
Add memory to the A 
register extended 
Subtract memory from the 
A register extended 
Multiply extended 
Divide extended 
Inclusive-OR extended 
Exclusive-OR extended 
AND extended 


Timing 
(cycles) 


WWwWwWWWwWWww 
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APPENDIX G 
620 RESERVED INSTRUCTIONS 


Table G-1. 620/L-06 Teletype Controller Instructions 


Mnemonic 


A. External Control 


EXC 0101 
EXC 0201 
EXC 0401 


B. Transfer 


OAR 01 
OBR 01 
OME 01 
INA 01 
INB 01 
IME 01 
CIA 01 


CIB O01 


C. Sense 


SEN 0101 
SEN 0201 


D. Teletype Command 
Function 


Print Enable 
Print Suppress 
Reader On 
Punch On 
Reader Off 
Punch Off 


Octal Code 


100101 
100201 
100401 


103101 
103201 
103001 
102101 
102201 
102001 
102501 


102601 


101101 
101201 


Codes 
Symbol 


SOM 
EOT 
XON 
TAPE 
XOFF 


TAPE OFF 


Functional Description 


Connect write register to BIC 
Connect read register to BIC 
Initialize 


Transfer A register to write register 
Transfer B register to write register 
Transfer memory to write register 

Transfer read register to A register 


. Transfer read register to B register 


Transfer read register to memory 

Transfer read register to cleared A 
register 

Transfer read register to cleared B 
register 


Write register ready 
Read register ready 


Code Typed As 

201 Control and A 
204 Control and D 
221 Control and Q 
222 Control and R 
223 Control and S 
224 Control and T 
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Table G-1. 620/L-06 Teletype Controller Instructions (continued) 


Teletype models are: 


620-60B (33 ASR TM) 
620-61B (35 ASR TM) 
620-62B (35 KSR TM) 


Note: External control instructions are for use only with the BIC. 


Table G-2. 620/L-10 Multiply/Divide and Extended Addressing Instructions 


Timing 
Mnemonic Code Description (cycles) 
A. Divide (one-word instruction) 
DIV 0170000 Divide A and B registers 10-14 
B. Multiply (one-word instruction) 
MUL 0160000 Multiply B register 10 
C. Extended Addressing (two-word instruction) 
LDAE 000601x Load A register extended 3 
LDBE - 000602x Load B register extended 3 
LDXE _ 000603x Load X register extended 3 
STAE ~ 000605x Store A register extended 3 
STBE 000606x Store B register extended 3 
STXE 000607x Store X register extended 3 
INRE 000604x Increment and replace 4 
extended 
ADDE — 0006 12x Add memory to A register 3 
extended 
SUBE 0006 14x Subtract memory from A 3 


register extended 
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Table G-2. 620/L-10 Multiply /Divide and Extended Addressing (continued) 


Mnemonic 


MULE 
DIVE 


ORAE 
ERAE 
ANAE 


Mnemonic 


EXC 0147 


EXC 0447 


EXC 0247 


EXC 0347 


Code 


000616x 
00061 7x 


00061 1x 
00061 3x 
000615x 


Table G-3 


Code 


0100147 


0100447 


0100247 


0100347 


- 620/L-13 


Timing 

Description (cycles) 
Multiply B register extended 11 

Divide A and B registers 11-15 

extended 

Inclusive-OR extended 3 
Exclusive-OR extended 3 
AND extended 3 


Real-Time Clock Instructions 
Functional Description 


Enable RTC (enables both increment and 
overflow interrupts) 


Disable RTC/initialize (disables both in- 
crement and overflow interrupts and resets 
the interrupt register and divide-by-eight 
counter) 


Disable overflow (inhibits overflow inter- 
rupt requests) 


Enable increment/disable overflow 


(enables increment interrupts and 
inhibits overflow interrupts) 


G-3 


APPENDIX G 


620 RESERVED INSTRUCTIONS . 


Table G-4. 620/L-16 Friority Interrupt Module Instructions 


Mnemonic 


A. External Control 


EXC 014X* 
EXC 024X 
EXC 034X 
EXC 044X 
EXC 054X 


B. Transfer 


OME 04X 
OAR 04X 


OBR 04x 


Code 


10014X* 


10024 
10034 
10044 
10054 


10304 
10314% 


10324X 


Functional Description 


Clear interrupt registers 

Enable PIM 

Clear interrupt registers and enable PIM 
Disable PIM 

Clear interrupt registers and disable PIM 


Transfer memory to mask register 

Transfer A register contents to mask 
register 

Transfer B register contents to mask 
register 


“  X represents the last character of device address. Its value ranges from 0 through 4 or 
6, and is determined by jumper connections on the PIM backplane. 
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Table G-5. 620-20 Buffer Interlace Controller Instructions 


Mnemonic 


External Control 


EXC 020 
EXC 021 


Transfer 


OAR 020 
OBR 020 
OME 020 
OAR 021 
OBR 021 
OME 021 
INA 020 
INB 020 
IME 020 
CIA 020 
CIB 020 


Sense 


SEN 020 
SEN 021 


Code 


100020 
100021 


103120 
103220 
103020 
103121 
103221 
103021 
102120 
102220 
102020 
102520 
102620 


101020 
101021 


Functional Description 


Active enable 
Initialize 


Load initial register from A 

Load initial register from B 

Load initial register from memory 
Load final register from A 

Load final register from B 

Load final register from memory 
Read initial register into A 

Read initial register into B 

Read initial register into memory 
Read initial register into cleared A 
Read initial register into cleared B 


Sense BIC not busy 
Sense abnormal device stop 
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Table G-6. 620-22, -25 Card Reader Controller Instructions 


Mnemonic 


A. External Control 
EXC 0230 


B. Transfer 


IME 030 
INA 030 
INB 030 
CIA 030 
CIB 030 


Cc. Sense 


SEN 0130 
SEN 0230 
SEN 0330 
SEN 0630 


Code 


100230 


102030 
102130 
102230 
102530 
102630 


101130 
101230 
101330 
101630 


Functional Description 


Read one card 


Transfer character to memory 

Transfer character to A register 
Transfer character to B register 
Transfer character to A register, cleared 
Transfer character to B register, cleared 


Sense character ready 
Sense reader error 
Sense hopper empty 
Sense reader ready 
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Table G-7. 620-30 Nine-Track Magnetic Tape Controller Instructions 


Mnemonic 


External Control 


EXC 010 
EXC 0210 
EXC 0410 
EXC 0510 
EXC 0610 
EXC 0710 


Transfer 


OME 010 
OAR 0110 
OBR 0210 
IME 010 

INA 0110 
INB 0210 
CIA 0510 


CIB 0610 


Sense 


SEN 010 

SEN 0110 
SEN 0210 
SEN 0310 
SEN 0410 
SEN 0510 
SEN 0610 
SEN 0710 


Code 


100010 
100210 
100410 
100510 
100610 
100710 


103010 
103110 
103210 
102010 
102110 
102210 
102510 


102610 


101010 
101110 
101210 
101310 
101410 
101510 
101610 
101710 


Functional Description 


Read one record 
Write one record 
Write file mark 
Forward one record 


Backspace one record 


Rewind 


Output memory to magnetic tape buffer 


Output A register to 
Output B register to 
Input magnetic tape 
Input magnetic tape 
Input magnetic tape 
Input magnetic tape 


cleared 


Input magnetic tape 


cleared 


Sense tape error 
Sense buffer ready 


magnetic tape buffer 
magnetic tape buffer 
buffer to memory 
buffer to A register 
buffer to B register 
buffer to A register, 


buffer to B register, 


Sense tape unit ready 


Sense file mark 


Sense odd-length record 


Sense end of tape 


Sense beginning of tape 


Sense rewinding 
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Table G-7. 620-30 Nine-Track Magnetic Tape Controller (continued) 


Mnemonic Code 
D. Transport Select 

EXC2 0110 104110 

EXC2 0210 104210 

EXC2 0310 104310 

EXC2 0410 104410 


Functional Description 


Select tape drive number 1 
Select tape drive number 2 
Select tape drive number 3 
Select tape drive number 4 


Table G-8. 620-31 Seven-Track Magnetic Tape Controller Instructions 


Mnemonic Code 
A. External Control 

EXC 010 100010 
EXC 0110 100110 
EXC 0210 100210 
EXC 0310 100310 
EXC 0410 100410 
EXC 0510 100510 
EXC 0610 100610 
EXC 0710 100710 


Functional Description 


Read one record binary 
Read one record BCD 
Write one record binary 
Write one record BCD 
Write file mark 

Forward one record 
Backspace one record 
Rewind 
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Table G-8. 620-31 Seven-Track Magnetic Tape Controller (continued) 


Mnemonic 


Transfer 


OME 010 
OAR 0110 
OBR 0210 
IME 010 

INA 0110 
INB 0210 
CIA 0510 


CIB 0610 


Sense 


SEN 010 

SEN 0110 
SEN 0210 
SEN 0310 
SEN 0410 
SEN 0510 
SEN 0610: 
SEN 0710 


Transport Select 


EXC2 0110 
EXC2 0210 
EXC2 0310 
- EXC2 0410 


Code 


103010 
103110 
103210 
102010 
102110 
102210 
102510 


102610 


101010 
101110 
101210 
101310 
101410 
101510 
101610 
101710 


104110 
104210 
104310 
104410 


Functional Description 


Output memory to magnetic tape buffer 
Output A register to magnetic tape buffer 
Output B register to magnetic tape buffer 
Input magnetic tape buffer to memory 
Input magnetic tape buffer to A register 
Input magnetic tape buffer to B register 
Input magnetic tape buffer to A register. 
cleared 
Input magnetic tape buffer to B register, 
cleared 


Sense 
Sense 
Sense 
Sense 
Sense 
Sense 
Sense 
Sense 


Select 
Select 
Select 
Select 
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tape error 

buffer ready 

tape unit ready 

file mark 

odd-length record/sense high density 
end of tape 

beginning of tape 

rewinding 


tape drive number 1 
tape drive number 2 
tape drive number 3 
tape drive number 4 
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Table G-9. 620-40, -41, -42, -43 Disc Memory Instructions 


Mnemonic Code Functional Description 
A. External Control 
EXC 014 100014 Initialize and select interlace mode 
EXC2 014 104014 Initialize and select noninterlace mode 
EXC 0114 100114 Select read mode 
EXC 0214 100214 Select write mode 
EXC 0414 100414 Select address mode zone 0 (first 65K) 
EXC 0514 100514 Select address mode zone 1 (second 65K) 
EXC 0614 100614 Select address mode zone 2 (third 65K) 
EXC 0714 100714 Select address mode zone 3 (fourth 65K) 
B. Transfer 
CIA 014 102514 Clear and tnput to A register 
CIB 014 102614 Clear and input to B register 
INA 014 102114 Input to A register 
INB 014 102214 Input to B register 
IME O14 102014 Input to memory 
OME 014 103014 Output from memory 
OAR 014 103114 Output from A register 
OBR 014 103214 Output from B register 
C. Sense 
SEN O14 101014 Sense parity error 
SEN 0114 1O1114 Sense buffer ready 
SEN 0214 101214 Sense disc ready 
SEN 0414 101414 Sense disc register ready 
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Table G-10. 620-52 Paper Tape System instructions 
Mnemonic Code Functional Description 


External Control 


EXC 037 100037 004037 Connect punch to BIC 

EXC 0437 100437 004437 Stop reader 

EXC 0537 100537 004537 Start reader 

EXC 0637 100637 004637 -Punch buffer 

EXC 0737 100737 004737 Read one character 

Transfer 

OAR 037 . 103137 040137 Load buffer from A register 

OBR 037 . 103237 040237 Load buffer from B register 

OME 037 103037 040037 Load buffer from memory 

INA 037 102137 020137 Read buffer into A register 

INB 037 102237 020237 Read buffer into B register 

IME 037 102037 020037 Read buffer into memory 

CIA 037 102537 020537 Read buffer into cleared A reg- 
ister 

CIB 037 102637 020637 Read buffer into cleared B reg- 
ister 

Sense 

SEN 0537 101537 010537 Sense buffer ready 
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Table G-11. 620-65 Dataset Coupler (Synchronous) Instructions 


Mnemonic Code . Functional Description 
A. External Control 
EXC 071 100071 Go to search 
EXC 0171 100171 Connect write buffer to BIC 
EXC 0271 100271 Connect read buffer to BIC 
EXC 0471 100471 Turn on request to send 
EXC 0571 100571 Turn off request to send 
EXC 0671 100671 Go to character format 
B. Transfer 
IME O71 : 102071 Transfer read buffer to 8 LSB of memory 
INA 071 102171 Transfer read buffer to 8 LSB of A register 
INB 071 102271 Transfer read buffer to 8 LSB of B register 
CIA 071 102571 Transfer read buffer to 8 LSB of A register 
cleared 
CIB 071 102671 Transfer read buffer to 8 LSB of B register, 
cleared 
OME 071 103071 Transfer memory 8 LSB to write buffer 
OAR 071 103171 Transfer A register 8 LSB to write buffer 
OBR 071 103271 Transfer B register 8 LSB to write buffer 
C. Sense 
SEN 0171 101171 Write buffer empty 
SEN 0271 101271 Read buffer full 
SEN 0371 101371 Carrier on 
SEN 0471 101471 Clear to send 
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Table G-11. 620-65 Dataset Coupler (Synchronous) Instructions (continued) 
Mnemonic Code Functional Description 
NOTES: 
1. All commands listed are used for 201A3 dataset operation. 
2. EXC 571 is not necessary for 201B1 (true) full-duplex operation. 
3. SEN 371 and SEN 471 will always be ON if Request to Send is 
left on at both ends when using 201B1. Carrier On also comes ON 
when outputting using a 201A3 dataset. 
4. 201A3 = half-duplex -- two wire. 201B1 = full-duplex -- four 
wire. 
Table G-12. 620-66 Dataset Coupler Instructions 


Mnemonic Code © Functional Description 


External Control 


EXC 0471 100471 initialize 

EXC 0271 100271 Select load MCR 

Transfer 

IME O71 - 102071 Transfer read buffer to memory 

INA 071 102171 Transfer read buffer to A register 

INB 071 102271 Transfer read buffer to B register 

CIA 071 102571 Transfer read buffer to A register, cleared 

CIB 071 102671 Transfer read buffer to B register, cleared 

OME 071 103071 - Transfer memory to write or MCR buffer. 

OAR 071 103171 Transfer A register to write or MCR buffer 

OBR 071 103271 Transfer B register to write or MCR buffer 
write or MCR 


Cals 
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Table G-12. 620-66 Dataset Coupler Instructions (continued) 


Mnemonic Code Functional Description 
C. Sense 

SEN 0171 10117] Output buffer ready 

SEN 0271 101271 Input buffer ready 

SEN 0371 101371 Call connect 

SEN 0471 101471 Call disconnect 

SEN 0571 101571 Carrier on 

NOTES: 


1. All commands listed are used for 103A2 dataset operation. 


2. Request to Send and Clear to Send could be substituted for 
SEN 371 and SEN 471 commands if desired. 


3. 103A = Dialup; 1O3F -= Private Lines. 


4. Device address listed is 71; any other device address may be 
used according to system requirements. 
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Table G-13. 620-71 Digital Plotter Controller Instructions 


Mnemonic 


External Control 


EXC 032 


Transfer 


OME 032 
OAR 032 
OBR 032 


Sense 


SEN 0132 


Code 


100032 


103032 
103132 
103232 


101132 


Functional Description 


BIC to DPC enable 


Transfer memory to buffer 
Transfer A register to buffer 
Transfer B register to buffer 


Sense buffer ready 


Table G-14. 620-80 Buffered !/O Controller Instructions 


Mnemonic 


External Control 


EXC OX6Z* 


Sense 


SEN OX6Z 


Code © 


100X6Z 


101X6Z 


Functional Description 


Output control pulse on line selected by 
X from controller addressed by 2 


Test state of line selected by X from 
controller addressed by Z 
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Table G-14. 620-80 Buffered 1/O Controller Instructions (continued) 


Mnemonic 


C. Transfer 


IME 06Z 


INA 0162 


INB 026Z 


CIA 056Z 


CIB 0662 


OME 062 


OAR 016Z 


OBR 0262 


Code 


102062 


10216Z 


102262 


102562 


102662 


103062 


103162 


103262 


Functional Description 


Read input buffer of controller addressed 
by Z into memory 

Read input buffer of controller addressed 
by Z into B register . 

Read input buffer of controller addressed 
by Z into B register 

Clear A register and read controller in- 
put buffer addressed by Z 

Clear B register and read controller in- 
put buffer addressed by Z 

Load output buffer of controller addressed 
by Z from memory 

Load output buffer of controller addressed 
by Z from A register 

Load output buffer of controller addressed 
by Z from B register 


* X = discrete control/sense line (0-()7); 6Z = device address (060-067) determined on 
individual system basis by wiring on the backplane of the expansion chassis. 
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Table G-15. 620-81 Digital 1/O Controller Instructions 


Mnemonic Code Functional Description 
A. External Control 
EXC 100XZZ* Select device address of ZZ and initiate 


a control pulse on line X 


B. Sense 


SEN 101XZZ Select device address of ZZ and test log- 
ical state of sense response line X 


* X = discrete control/sense line (0-07); ZZ = device address (060-067) determined on 
individual system basis by wiring on the backplane of the expansion chassis. 


Table G-16. 620-83 Relay Contact 1/0 Instructions 


Mnemonic Code Functional Description 
A. External Control 
EXC ODA. 1000DA Clear All Outputs. Causes all 16 output 
contacts to open 
EXC 1DA 1001DA Clear All Inputs. Returns all input bits 
that are not being set by contact clos- 
ure to zero 
B. Sense 
SEN ODA 1010DA Sense Contact Closed. This command is 


available as an option. A specified 
contact closure will cause a jump to 
the jump address to occur | 
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Table G-16. 620-83 Relay Contact |/O Instructions (continued) 


Mnemonic 


C. Transfer 


INA IDA 


CIA 5DA 


INB 2DA 


CIB 6DA 


IME ODA, 
OAR 1DA 
OBR 2DA 


OME ODA 


ADDR 


. ADDR 


Code 


1021DA 


1025DA 


1022DA 


1026DA 


1020DA 


1031DA 


1032DA 


1030DA 


Functional Description 


Input to A register. Input relay buffered 
input data on module to A register 

Clear and Input to A register. Input re- 
lay buffered input data on module to A 
register cleared 

Input to B register. Input relay buffered 
input data on module to B register 

Clear and input to B register. Input re- 
lay buffered input data on module to B 
register cleared 

Input to memory. Input relay buffered 
input data on module to memory 

Output from A register. Output A register 
to the buffered relay output contacts 

Output from B register. Output B register 
to buffered relay contact outputs 

Output from memory. Output memory to 

buffered relay contact outputs 
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Table G-17. 620-85 Analog Input System Instructions 


Mnemonic 


External Control 


EXC 054 
EXC 0154 
EXC 0254 
EXC 0354 


Sense 


SEN 0154 | 


SEN 0254 


Transfer 


OAR, OBR, OME 


Code “unctional Description 

100054 Initializes the AIS system 

100154 The program control mode 

100254 Places the AIS in the scan mode 

100354 Start conversion command for ine first 
conversions in the scan. mode 
conversion data is ready. The data 
must be taken within 40 microseconds 
of the start of the SEN or the data 
will be replaced by new conversion 
data if operating at maximum through. 
put 

101154 This SEN instruction indicates that the 
AIS is requesting a new multiplexer 
address 

101254 This SEN instruction indicates that the 


AIS has completed the multiplexer ad- 
dress scan 


Data Transfer Out -- In the program mode, 
DTO occurs for each multiplexing ad- 
dress given to the AIS. In the scan 
mode, DTO occurs for the first (preset) 
address 
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Table G-17. 620-85 Analoyz Input System Instructions (continued) 


Mnemonic Code Functional Description 

C. Transfer (continued) 
CIA 054 Data Transfer In -- After each conversion, 
CIB 054 the data for that conversion is ready 
INA 054 and a DTI transfers it into the 620/L 
INB 054 if the throughput rate is 20,000. DTI 
IME 054 must occur within 40 microseconds of the 


data ready signal 
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STANDARD CHARACTER CODES 


Symbol ASCII Printer Mag Tape Hollerith FORTRAN 
@ 300 00 32 0.2.8 77 
A 301 01 61 12-1 13 
B 302 02 62 i292 14 
@ 303 03 63 i230. 15 
D 304 04 64 124 16 
E 305 05. 65 12.5 17 
F 306 06 66 12-6 20 
G 307 07 67 12.7 2] 
H 310 10 70 12.8 22 
] 311 11 qi 12.9 23 
J 312 12 4) Viel 24 
K 313 13 42 Li? 25 
L 314 14 43 11-3 26 
M 315 15 44 11-4 27 
N 316 16 45 15 30 
O 317 17 46 11-6 31 
Pp 320 20 47 117 32 
Q 321 21 50 11-8 33 
R 322 22 51 11-9 34 
S 323 23 22 0-2 35 
T 324 24 23 03. 36 
U 325 25 24 0-4 37 
V 326 26 25 0-5 40 
Ww 327 27 26 0-6 4) 
x 330 30 27 0-7 42 


Hel 


APPENDIX H 
STANDARD CHARACTER CODES 


Standard Character Codes (continued) 


Symbol ASCII Printer Mag Tape Hollerith FORTRAN 

Y 331. 31 30 0-8 43 

Z 332 32 31 0-9 44 

[ 333 33 75 12-5-8 76% 

\ 334 34 36 0-6-8 76" * 

] 335 35 55 11-5-8 76** 

336 36 17% 7-8 76** 

~ 337 37 20 2-8 76% 8% 

(blank) 240 4) 20 No punch 00 

241 4l 52 11-2-8 51 

? 242 42 35 0-5-8 62 

+t 243 43 37 07°38. - 63 

$ ‘ 244 44 53 11-3-8 60 

%, 245 45 57 11-7-8 64 

& 246 4G 77 12-7-8 65 

| 247 4) 14 - 4-8 66 

( 250 50 34 0-4-8 52 

) 251 $8). 74 12-4-8 53 

" 252 52 54 11-4-8 47 

+ 253 | 60 12 45 

; 254 54. 33 0-3-8 54 

- 255 55 40 11 46 

. 256 56 73 12-3-8 51 

/ 257 57 21 0-1 50 
260 60 12 Oo. 01 

1 | 261 61 01 E 28 02 


H-2 


APPENDIX H 


STANDARD CHARACTER CODES 


Standard Character Codes (continued) 


Symbol SCil Printer Mag Tape Hollerith 
2 262 62 02 2 

3 263 63 03 3 

4 264 64 04 4 

5 265 65 05 5 

6 266 66 06 6 

7 267 67 07 7 

8 270 70 10 8 

271 . 71 11 9 

: 272 72 15 5-8 

; 273 73 56 11-6-8 

< 274 74 76 12-6-8 
= 275 75 13 3-8 

? 2/6 76 16 6-8 

? 277 77 72 12-2-8 


( 


* End of file for magnetic tape. 
** Undefined character (FORTRAN). 
**%* Form control -- return to column 1 (FORTRAN). 


*=% Tab control -- skip to column 7 (FORTRAN). 
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FORTRAN 


03 
OA 
05 
06 
07 


10 
1] 
2 
67 
70 


16% 
55 

TG eee 
76 
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TELETYPEWRITER CHARACTER CODES 


Character Internal Code Character Internal Code 
() 260 P 320 
| 261 Q 37) 
a 262 R 322 
4 263 S 323 
4. 264 T 324 
5 265 U 325 
6 266 V 326 
Z 267 W 327 
. 270 X 330 
9 271 Y 331: 
A 301 Z 332 
3 302 (blank) 240 
C 303 ! 241 
wy 304 " 242 
f 305 # 243 
t 306 $ 244 
G 307 % 245 
H 310 & 246 
| 311 , 24/7 
J 312 ( 250 
K 313 ) 251 
L 314 ia 252 
M 315 + 253 
N 316 ; 254 
QO 317 ~ 255 


H.4 


APPENDIX H 
STANDARD CHARACTER CODES 


Teletypewriter Character Codes (continued) 


Character Internal Code Character Internal Code 
. 256 LINE FEED 212 
/ 257 V TAB 213 
: 272 FORM 214 
: 273 RETURN 215 

274 SO 216 
= 275 S| 217 
> 276 DCO 220 
? 277 X-ON 221 
@ 300 TAPE AUX ise 
[ 333 ON 222 
\ 334 X-OFF 223 
] 335 TAPE OFF witiece 
t 336 AUX 224 
- 337 ERROR | 225 
RUBOUT 377 SYNC 226 
NUL 200 LEM 227 
SOM 201 SO 230 
EOA | 202 Sl 231 
EOM 203 S2 232 
EOT 204 S3 233 
WRU 205 S4 234 
RU 206 S5 235 
BELL 207 S6 236 
FE 210 S7 237 
H TAB_ 211 
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